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METHOD AND APPARATUS FOR ORTfl|fJ iNG BLOOn FO R 
DIAGNOSTIC Ij OTg 



BACKGROUND OF THF INVENTION 

1- Reld of the Inventio n 

This invention relates to a method arid apparatus for obtaining samples of 
blood for diagnostic purposes. 

2. PisQussjonofthffArt 

The prevalence bf diabetes has been increasing markedly in the world. At 
this time, diagnosed diabetics represent about 3% of the population of the United 
States. It is believed that the total actual number of diabetics In the United States is 
over 16,000,000. Diabetes can lead to numerous complications, such as, for 
example, retinopathy, nephropathy, and neuropathy. 

The most important factor for reducing diabetes-associafed complications is 
the maintenance of an appropriate level of glucose in the blood stream. The 
maintenance of the appropriate level of glucose in the blood stream may prevent 
and even reverse many of the effects of diabetes. 

Glucose monitoring devices of the prior art have operated on the principle of 
taking blood from an individual by a variety of methods, such as by needle or 
lancet. An individual then coats a paper strip carrying chemistry with the blood, 
and finally inserts the blood-coated strip into a blood glucose meter for 
measurement of glucose concentration by determination of Change in reflectance. 

The medical apparatus of the prior art for monitoring the level of glucose in 
the blood stream required that an indivlduarhave separately available a needle or 
lancet for extracting blood from the individual, strips carrying blood chemistry for 
creating a chemical reaction with respect to the glucose in the blood stream and 
changing color, and a blood glucose meter for reading the change in color 
indicating the level of glucose in the bloodstream. The level of blood glucose 
when measured by a glucose meter, is read from a strip Carrying the blood 
chemistry through the well-known process of reading reflectometers for glucose 
oxidation. 

Generally lancets comprise a blade .and a pressable end opposed thereto 
with the blade having an acute end capable of being thrust into skin of a human ' 
By striking the pressable portion, the acute end of the blade will pierce the skin for 
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example, of the finger. The finger lancet is primarily used to obtain small volumes 
of blood, L e. t less than 1 mL Diabetics use the finger lancet to obtain volumes of 
blood, less than 25 \iL for analysis for glucose: A small amount of blood for the 
blood test will ooze but of the skin. There are many small blood vessels in each 
finger so that a finger can be squeezed to cause a larger drop of blood to ooze. 
The finger is one of the most sensitive parts of the body; accordingly, the finger 
lancet leads to even more pain than what would be experienced by extracting 
blood via lancet at a dfferent body site. The finger lancet presents another problem 
because of the limited area available on the fingers for lancing. Because it is 
recommended that diabetics monitor their blood glucose levels four to six times per 
day, the limited area on the fingers calls for repeated lancing of areas that are 
already sore. Because fingers are sensitive to pain, it is a recent tendency that the 
arm is subjected to blood sampling. See, for example, U. S. Patent No. 4,653,513. 
The device of U. S. Patent No. 4,653,513 comprises a cylindrical housing and a 
lancet support, which has a gasket or flexible portion slidably accommodated in the 
housing. Springs will retract the lancet support to thereby reduce air pressure in 
the housing so that it sucks a blood sample, automatically and immediately after a 
lancet pierces the skin. See also U. S. Patent No. 5,320,607, which discloses a 
device comprising a sealed vacuum chamber in a state of preexisting reduced 
pressure, a support member for the sealed vacuum chamber, the support member 
defining a suction portion adjacent the sealed vacuum chamber, the suction 
portion, in cooperation with the sealed vacuum chamber, exposing an area of the 
skin of a patient to a reduced pressure state when the device is actuated, and 
means arranged within the suction portion for slightly rupturing a portion of the area 
of skin of the patient exposed to the reduced pressure state. 

Because the blood volume requirements for a standard glucose test strip are 
typically 3 jiL or more, an area of the body that can generate that much blood from 
a lancet wound must be used. It is believed, however, that improvements in 
glucose test strip technology will reduce the volume of blood needed to 1 to 3 jiL 
Because the finger is well supplied with blood and the amount of blood can be 
increased by squeezing the finger after lancing, the finger is the currently preferred 
body site for lancing, even though lancing of the finger is painful. 

A less painful technique for obtaining body fluids could be found if a reliable 
method were found for lancing a body part that is less sensitive to pain than the 
linger and obtaining a useful amount of blood from that body part. A body part such 
as the forearm is much less sensitive to pain than the finger, but the amount of 
blood resulting from the lancing procedure is generally of an inadequate volume 
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for use with current detection technology. Ways of Increasing blood flow to the 
finger are common knowledge. The recommendation is made to diabetics to run 
their finger under hot water prior to lancing to improve the Wood flow in the finger 
and he amount of blood collected from the finger. Running hot water over a body 

TJ°*ZT h ^ itoW iS im ^^ tor ^ «* as the fonaarm or thigh. The 
availability of hot water is also a concern. 

The blood obtained from a lancet stick has typically been manually 

trans erred by the user from the finger to the detector. However, such manual 

transfer Is difficult for users who exhibit poor dexterity, poor eyesight, or who are 

prone to shaking (hypogfycemic diabetics). Manual transfer can also lead to errors 

m the glucose determination if too much or too little blood is transferred 

obtaining blood for diagnostic purposes in a painless, reliable manner 

Conventional lancing devices, such as those described in U S Patent 
Nos Re. 32,922, 4,203,446, W 

available. disposable lancets. Most conventional lancing devices are not 
^tegrated with a diagnostic instrument. A conventional lancing mechanism 
n consists of a housing, a guided shaft having a lancet holder at one end 
a mam spnng (usually hefica.) that supplies the mechanica. energy to axially 
accelerate the shaft, and a return spring that pariialiy retracts the shaft after 
lancng has occurred. The user must first insert a lancet into the holder then 
m^ 

tZ ZZT? J""* th6n P ' aCe ^ ^ gainst the s W n. then 
press a tngger. wh,ch releases the shaft, thereby driving the lancet into the skin 
The lancet ,s quickty retracted from the skin by the force of the return spring 
Conventional lancing devices would have several disadvantages for an 

L P n^ th3t C0mbin6S the PrOe0SSeS ° f ,andn B' »*« Electing, and analyte 
sensing ,nto one automated instrument. The first disadvantage is the necessity 
of ^manually cocking the landng mechanism pnor to each use. Manua 3 

SSST ^ " ^ 9Gner ^ affects «b automated 

characteristics of an integrated instrument. Manual cocking also prohibits rapid 
sequential tendng of the target skJn. Sequential lancing could in^he 
volume of biotogica, fluid collected. The second disadvantage is matl 

m,shand ed. Accidental tnggering of the lancet could injure the user and cause 
techmcai problems within an automated lancing system. The user J^Z 
further .nconvenienced by having to re-cock the mechanism after accidental 
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triggering. The third disadvantage is that the conventional return spring Is 
generally not able to completely retract the lancet, due to the opposing force of 
the main spring. Partial retraction may subject the user to accidental punctures 
when handling the instrument before or after use* particularly when the lancet is 
located near other disposable components, such as fluid sample collection 
strips. - 

It would therefore be desirable to provide a lancing device that eliminates 
one or more of the foregoing disadvantages. 

SUMMARY OF THE INVENTION 

This invention provides a method and apparatus for extracting a sample of 
blood from a patient for subsequent diagnostic tests, e.g., glucose; monitoring. In 
one aspect of the invention/the method comprises the steps of: 

(a) forming an unobstructed opening in the area of the skin from which 
the sample of blood is to be extracted; and ^, 

(b) extracting the sample of blood from the unobstructed opening in the 
skin, with the aid of vacuum and stretching of the sWn. 

In a preferred embodiment of the method, step (a) is preceded by the step of 
increasing the availability of blood in the portion of the skin from which the sample 
is to be extracted. In this preferred embodiment, the availability of blood in the 
portion of the skin from which the sample is to be extracted can be increased by 
means of a vacuum, which is applied to the surface of the skin in the vicinity of the 
opening prior to forming the opening in the skin. The vacuum causes the portion of 
the skin in the vicinity of the blood extraction site to become engorged with blood. 
The vacuum also causes the portion of the skin in the vicinity of the blood extraction 
site to become stretched. An owning in this stretched portion of skin can be 
formed with a cutting or puncturing device, e.g., a lancet, or other device capable of 
forming an opening in the skin, e. g., a laser or a fluid jet If a cutting or puncturing 
device is used to form the opening, it must be retracted from the opening prior to 
the step of extracting the sample of blood from the opening. This retraction will 
allow the unrestricted flow of blood through the opening. After the opening is 
formed, a vacuum is used to aid in extracting the sample of blood from the opening 
in the skin The sample can be analyzed from the drops of blood that collect on the 
surface of the skin at the site of the opening by applying the blood directly to a 
glucose detector. It is preferred, however, that the sample be collected in such a 
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manner, e. g., via a capillary tube, that it can be analyzed by conventional 
diagnostic devices, such as, for example, a biosensor. In another preferred 
embodiment, the sample can be collected in a collection zone that is integrated 
with a conventional diagnostic device, e: g., a biosensor. If a glucose detector is 
used, it may be held stationary within the device throughout the Wood collection 
procedure or may be moved nearer the lancing site after the lancet is retracted by s 
triggering or other mechanism. 

In an artemative of the aforementioned preferred embodiment, the 
availability of blood In the area of the skin from which the sample is to be extracted 
can be increased by means of applying thermal energy to.that area of skin. The 
thermal energy causes the blood in that area of the skin to flow more rapidly 
thereby allowing more blood to be collected per given unit of time. In this 
alternative embodiment, steps (a) and (b) can be carried out in the same manner 
as they were earned out in the aforementioned preferred embodiment. 

In another aspect of the invention, an apparatus for collecting a sample of 
body fluid for analysis in a diagnostic test, e. g., blood, is provided. In a preferred 
embodiment, the apparatus comprises: 

(a) a housing; 

(b) a device for forming an unobstructed opening in an area of skin from 
which said sample is to be extracted, preferably a lancing assembly; and 

(c) a vacuum pump. 

It is also possible to dispense with the housing. However, the housing is preferred 
for the convenience of the patient and the protection of the components. 

The vacuum pump requires a source of power. If the apparatus includes a 
housing, the source of power can be disposed within the housing. Alternatively, 
the source of power can be external to the housing. 

The preferred device for forming an unobstructed opening in the area of the 
skin from which the sample of blood is to be extracted is a lancing assembly, which 
comprises a lancet for forming an opening in the skin. Alternatively, the 
unobstructed opening in the skin can be formed by a laser or a fluid jet. 

The vacuum pump can serve the dual purposes of (1) stretching the skin and 
(2) enhancing the extraction of the sample of blood from the unobstructed opening 
m the skin. Preferably, the vacuum pump can serve the triple purposes of (1) 
stretching the skin, (2) increasing the availability of blood to the area of the skin 
from which the sample is to be extracted, and (3) enhancing the extraction of the 
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sample of blood from the unobstructed opening In the skin. Preferably, the housing 
further contains electronics having programmed instructions to switch the vacuum 
pump on and off to maintain the desired level of vacuum. 

The apparatus preferably contains valves, such as, for example,, solenoid 
valves, for triggering the lancet of the lancing assembly and releasing the vacuum 
at the conclusion of the blood extraction procedure, the apparatus can optionally 
contain a heating element to increase the availability of blood to the area of the 
skin from which the sample is to be extracted. The apparatus can also contain a 
glucose detector integrated with the apparatus, e. g,, a biosensor, to analyze the 
sample of blood collected by the apparatus. 

In another aspect of this invention, a lancing assembly that uses 
differential gas pressure to thrust a lancet info skin tissue has been developed 
This lancing assembly effectively utilizes low-pressure gas, Which is preferably 
provided by the aforementioned vacuum pump, and high-pressure gas, which is 
preferably provided by ambient air surrounding the apparatus, to thrust the 
lancet, puncture the skin, and then retract the lancet from the skin to produce an 
unobstructed opening to allow access to biological fluid. The landng assembly 
eliminates the need to manually force the lancing mechanism into a latched, or 
"cocked 11 , position prior to each use, and also eliminates the need for a 
mechanical trigger to release the latch to allow the lancet to be thrust intp the 
skin. Elimination of the requirement to manually cock the lancing mechanism 
allows the lancing assembly to be controlled exclusively by electronic means. 
Such means of control is desirable when used in conjunction with an 
automated instrument, or when a continuous series of lancing steps is desired. 

The lancing assembly that utilizes differential gas pressure comprises: 

(a) a holder for holding a lancet assembly; 

(b) a means for providing sufficient force to cause the holder to be 
maintained in a position whereby a lancet assembly in the holder would be 
positioned away from the skin of the patient; and 

(c) a means for allowing a gas to provide sufficient force to 
overcome the force provided by the holder maintaining means, whereby the gas 
causes the holder to be moved to a position whereby a lancet in the holder would 
be able to pierce the skin of the patient. 

In one embodiment, the lancing assembly comprises a housing, a lancet 
holder, a piston for moving the lancet holder, a bore in which the piston moves 
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toward and away from the target skin tissue, a means for biasing the piston, e. 
g., a return spring or a bellows, away from the target skin tissue, and a cap. The 
housing has a manifold into which a three-way valve can be fitted) The three- 
way valve selectively allows high-pressure air from a source external to the 

housing to pass through an inlet port to a bore port, thereby causing the level of 
pressure in the bore to increase. The air pressure in the bore thrusts the piston 
toward the target skin tissue while simultaneously compressing the piston 
biasing means. The piston is halted by the cap or by a structure in the 
instrument designed to limit the penetration depth of the lancet in .the skin. The 
three-way valve then, directs the air in the bore to flow out through an exit port to 
a source of low-pressure air, e. g., ah evacuated air cavity in the apparatus, 
thereby causing the level of pressure in the bore to decrease, and consequently 
allowing the piston biasing means to force the piston back to its pre-thrust 
position in the bore. 

In another aspect, this invention provides an article capable of both 
collecting blood and detecting an anaiyte in that blood. Preferably, the article is 
also capable of measuring the amount of anaiyte In the blood, the article, which 
contains an appropriate detection element for determining the amount of anaiyte in 
the blood, can be used in conjunction with a meter that measures the signal 
generated by Jthe detection element of the article. 

In one embodiment, the article is a multiple-layer element comprising: 

(a) a layer capable of receiving blood and transporting the blood 
received by means of chemically aided wicking; 

(b) a layer capable of detecting the presence of anaiyte or 
measuring the amount of anaiyte in blood; and 

(c) a layer that can be placed in contact with a meter, the meter- 
contactable layer overlying the blood-transporting layer, said layer (a) capable of 
transporting blood to said layer (b). 

In a preferred embodiment, the article is a multiple-layer element comprising: 

(a) a covering layer having an opening therein; 

(b) a layer, overlying the covering layer, capable of receiving 
blood through the opening in the covering layer and. transporting blood by means 
of chemically aided wicking; 
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(c) a layer that can be placed in contact with a meter, the meter- 
contactable layer overlying the Mood-transporting layer; and 

(d) a layer capable of detecting the presence of analyte or 
measuring the amount of analyte in blood, which layer is disposed between the 
covering layer and the meter-contactable layer and is capable of receiving blood 
from the blood-transporting layer. 

An optional overcoat layer can be interposed between the covering layer and the 
meter-contactable layer to restrict the How of blood in the blood-transporting layer. 

In another embodiment, the blood-transporting layer can be eliminated. In 
this embodiment, the meter-contactable layer and the covering layer utilize 
capillary action to tranport the blood by capillary flow to the detecting layer. 

In order to use the multiple-layer element, a vacuum is used to stretch the 
skin and draw the skin into contact with the covering layer of the element. The 
vacuum is applied for a sufficient period of time to cause blood to pool in the 
stretched skin. Then an unobstructed opening is formed in the skin, typically by a 
retractable lancet. Blood emerges from the unobstructed opening in the skin arid 
enters the blood-transporting layer. The opening in the covering layer renders it 
possible for the blood emerging from the unobstructed opening iri the skin to enter 
the blood-transporting layer. The blood then moves along or through the bloods 
transporting layer to the detecting layer. Preferably, the detecting layer comprises 
an electrochemical sensor or an optical sensor. A chemical reaction occurs at the 
surface of the detecting layer. The result of the chemical reaction can then be read 
by a meter. 

The multiple-layer element integrates the the blood-transporting layer, the 
meter-contactable layer, the detecting layer, and, when employed, the covering 
layer into one element This integrated element can be made at a low enough cost 
to be disposable. The multiple-layer element makes it possible to obtain accurate 
results with small samples of blood, because no blood is spilled during transfer of 
the blood to the detecting layer. 

The multiple-layer element can wick up blood that emerges from the 
unobstructed opening formed in the skin and direct the blood to the detecting layer 
of the multiple-layer element where a diagnostic test, such as, for example, 
measurement of concentration of analyte, e. g., glucose, in blood, is made. 
Transfer of the blood by manual means is not required. The detecting layer can 
also be used for the additional purpose of sending a signal to the blood collecting 
apparatus of this invention to release the vacuum when sufficient blood has been 
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drawn into the multiple-layer element to provide a reliable diagnostic test The 
mu»,pe- te yer element can also be used asabarrier to stop 
control the depth of the unobstructed opening fbrm^^ 

The method and apparatus of this invention provide several adv^ 
overthemethodsandapp^atusofthepdor^ Z,7^ a 2^Z* 
can be extracted from parts of the body, otherthan the finger for o^dull 
glucose monitoring tests. Second, by rendering other paTo/lZl ' 

•ncreasmg the availability of blood at the site where the blood is to be exirl^ th 
penod of time required for extracting the sample can be reduced *£ZK2£ 
advantages, the diabetic patient is more likety to monitor gWe ievete i th e " 
blood at the intervals prescribed by his doctor. 



;f descri ption t^c 



FIG. 1 is a plan View of the components of a preferred embodiment of th* 

the S ldn to k ^^^^^^ c^^^ of 

the sWn to become stretched prior to the formation of an opening in the s^lZ 

'S^T " b,0 ° d iS 6 ~ « * also illustrat^ thV^r 
T^lTr ^ n0S °*™ 01 *"* « - lector. 

emb^dlnfent. " * *** *T ****** ***** of the preferred 

of -ni^-^^^ S i^^T^^^^^^lW* - VtaMMo' « alternative sea. for the vacuum 
or tne device of the present invention, 

FIG. 5 is a perspective view of an embodiment of the apparatus of this 
•nvenfoa In this figure, the housing of the apparatus is open 

invention '^T^TV™ °' emb ~°' the apparatus of this 
invention. In this figure, the housing of the apparatus is open 

in^nr , ? ' S 3 pBrapBdlve vlew 01 an embodiment of the apparatus of this 
mvention. »" mfe figure. the housing of the apparatus is open 

FIG. 8 is a perspective view of an embodiment of the apparatus of thk 
.nventon. »n this figure, the housing of the apparatus is open 

FIG. 9 is a perspective view of an embodiment of the apparatus of thk 
mvention. In this « gU re, the housing o, the apparatus is open 
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FIG. 1 0 is a perspective view of an embodiment of the apparatus of this 
invention. In this figure, the housing of the apparatus is open. 

FIG. 11 is an elevalional view, in cross section, of one embodiment of the 
lancing assembly of this' invention In assembled configuration. 

FIG. 12 is an exploded view, in cross section, of the lancing assembly of FIG. 

11. 

FIG. 13 is a schematic diagram illustrating the positioning of the components 
of the lancing assembly of this invention. In this figure, the lancet assembly has not 
yet been inserted into the lancet holder and the valve has not yet been inserted into 
the valve manifold. 

FIG. 1 4 is a schematic diagram illustrating the positioning of the components 
of the lancing assembly of this invention. In this figure, the lancet has been 
inserted into the lancet holder and the valve has been inserted into the valve 
manifold. 

FIGS. 1 5A, 1 5B, and 1 5C are schematic diagrams illustrating the lancing 
assembly of this invention in the pre-lancing position, the lancing position, and the 
post-lancing position, respectively. 

FIG, 16 is an elevational view, in cross section, of another embodiment of the 
lancing assembly of this invention in assembled configuration. 

FIG. 17 is an exploded view, in cross section, of the lancing assembly of FIG; 

16. 

FIG; 18 is an elevational view, in cross section; of another embodiment of the 
lancing assembly of this invention in assembled configuration. 

FIG. 19 is an exploded view, in cross section, of the lancing assembly of FIG. 

18. 

FIG. 20 is an elevational view, /in cross section, of the lancing assembly of 
this invention installed in an embodiment of an apparatus of this invention. 

FIGS. 21 A and 21 B are exploded perspective views of a multiple-layer 
element for collecting blood and detecting an analyte. FIG. 21 B is a peeled-apart 
exploded perspective view. 

FIG. 22 is a top plan view of one embodiment of a muftipterlayer element 
wherein the blood-transporting layer is a fine mesh. 

FIG. 23 is a bottom plan view of the embodiment of the multiple-layer 
element of FIG. 22. 

FIG. 24 is a top plan view of one embociment of a multiple-layer element 
wherein the blood-transporting layer is a coarse mesh. 
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FIG, 25 is a top plan view of one embodiment of a muftiple-layer element 
fi b, °° d - tr9nSp0rtln9 ' ayer is a fine an opening formed 

. . F '^ Alsat0p ^^ 
wherein the btood-transportlng layer is a fine mesh. The meter-contactable teyer 
has two openings punched therein, . ' rayer 

FIG. 26B is a top plan view of one embodiment of a muWpfe-layer element 
where,ntheb,ood : ™^ The ^rj^^ r 

has a single, opening therein. d " er 

h . F, f- 27iSa1opp,anvfewo,onee ^o^^ 
wherein the blood-transporting layer abuts one end of the element 

Inventon^ 

the meTht 8 ' f^' ^ ^ a procedure by which- 

!nvemfon ,nVert,,0n * " nW ^ «*. ^Wple-feyer element of this 

FIG. 30 is a graph illustrating average electrical charge as a function of 
glucose level in the blood. «"iciion of 

lancet^ 

of a no? 8 ' 32ISan e,evatfonal viewof a cross section of a preferred embodiment 
of a nosepiece of this invention. 

omh J 18 " 33 18 3 S9rleS 01 e,evational of cross sections of various 
embodiments of nosepieces suitable for use in this invention 

the nosel^ni 346 ' ^ ^ ^ SCh6matiC dla9rams ° ,the P^ing °f 
the nos^ece of the apparatus of this invention relative to the lancing assembly 

rTSy V9CUUm ' dUrinQ ,andn9 ' *"* -»»ec«on and analysis, 

o m ^H F,G " 35 iS 3 SeneS ° f 8,evatlona ' vlew * of cross sections of various 
embodiments of nosepieces suitable for use in this invention 

nn _ . F ' G - 36 ls a 9^Ph "tostrating the effect that various embodiments of 
nosep,eces have on filling time of a detecting element 

as a fun!! 7 L* *** m ^ n9 aV6ra9e tlm8 16 fi " a ™'«P»e-layer element 
as a function of the nosepiece used. ™ 

no S9pl ™ ^. 3 ^ '" USlra " nfl Pe,Cen, ** aS a *«*» « 
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FIG. 39 is a series of elevational views of cross sections and top plan views 
of various embodiments of nosepieces suitable for use in this invention 

FIG. 40 is a graph illustrating airflow rate as a function of the nosepiece 

used. 

FIG. 41 is a graph illustrating the average volume of blood collected as a 
function of the material used to make the seal of the nosepiece assembly. 

FIG. 42A is an elevational view of a cross section of a preferred embodiment 
of a nosepiece of this invention, wherein the seal is in a first position. FIG. 42B is 
an elevational view of the nosepiece of FIG. 42A, wherein the seal is in a second 
position. 

FIG. 43, comprising FIGS. 43 A through 43C, depicts a perspective view of an 
embodiment of the apparatus of this invention. In FIG. 43A and 43B, the housing of 
the apparatus is open. In FIG. 43C, the housing of the apparatus is closed. 

FIG. 44, comprising FIGS. 44A and 44B, depicts a perspective view of ah 
embodiment of the apparatus of this invention. In FIG. 44A, the housing of the 
apparatus is open. In FIG. 12B, the housing of the apparatus is closed. 

FIG. 45, comprising FIGS. 45A through 45E, depicts a partial cross-sectional 
drawing of an embodiment of the apparatus of this invention. In FIG. 45A, the 
housing of the apparatus is open. In FIG. 45B, the housing of the apparatus is 
partially open. In FIG. 45C through 45E, the housing of the apparatus Is closed. 

FIG- 46, comprising FIGS. 46A through 46C, depicts a partial cross-sectional 
drawing of an embodiment of the apparatus of this invention. In FIG- 46A through 
46C, the housing of the apparatus is closed. 

FIG. 47 is a chart indicating blood collection results for ah embodiment of the 

apparatus of this invention. 

FIG. 48 is a chart indicating blood collection results for an embodiment of the 
apparatus of this invention. 

FIG. 49 is a chart indicating blood collection results for an embodiment of the 
apparatus of this invention. 

DETAILED DESCRIPTION 

The embodiments of this invention require the following steps to carry out 
the function of obtaining a sample of blood for carrying out a diagnostic test, e. g., 
glucose monitoring: 
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(a) a housing having a sealable chamber located therein and a sealabte 
opening in fluid communication with said sealable chamber, 

(b) a power source, 

(c) a vacuum pump oporabty connected to said power source said 
vacuum pump In cotnmonlcalion with said sealable chamber. 

(d) a lancing assembly positioned within said sealable chamber said 
lancng assemble of movin 9 a lance, towatds said sealable oponinTld 

(e) a Hurt collector positioned in said sealable chamber said ,W ' 
collector in fluid communication with said scalable opening. ' 

h _ T.'TT**' OPOn '" fl ' *• araa 01 ,he ** *™» the sample of 

to | be extracted is formed by a piercing device o, some ofher fype of dele 
capable of tonnmg an unobstructed opening In the skin. Piercing devices sultabb 
^his invention include, bu, are no, flmifed ,o,mechan,ca. lancing 
Other rypesofdevicescapabte or^anunobs.n^d opening Xs^ 
mdude bu, am no, Stoked to. teem and fluid jets «, ^ 

should no, be conslrued so as to be Imited to the devices listed. Mechanical 
tencmg.ssembnes ere we^own rn me an. These assombfes^e 
T^T" ^s. and multiple « P devices! ThoTcets can 

be .made from meto. or plastic Mufliptoflp devices provide redundancy ^hfcnZ 
reduce ,he number of faitures and Increase me vohime of blood extend 
hi™, fT tor ,Wmln9 3,1 unt * s " u «8a opening in Ihe skin to draw 

TiZST'"*''*- See*r example. U. a PaemNos. 
4.775.36, , 5.165.418, 5,374,556, international Publication Number WO 94/09713 

,BM ReSOarch ROP ° rt " -»~aser AbTnTsI * 
£a ^■*««|*^ LasemmataresuHabtefor 
form ng an unobslrucled opening in ,he skin Include 6r:YAG. Nd-YAG and 
semiconductor lasers. w.ta«, and 

Fluid Jete suttable , or fanning an unobstructed opening in the skin empkw a 
high prassom je , o, fluid, preferabfy a saBne solution, to penLte me * T 

opening ES?T "j?* T * UlifaSd »"» » «"»bsUuc,ed 

opening „ me skm. me opening fomred by , he device mus, be unobslniCed As 

SZEZZi™ T bS ^ ™™ <" cogging. hampeflnT 
Collin 9UP ^r 0baaCl9 - Mores ^^.>ha expressions 
extracted . unobstructed opening in the skin-, and ,he like am intended to mean 
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that the portion of the opening below the surface of the skin is free from any foreign 
object that would clog, hamper, block, pr dose up the opening, such as, for 
example, a needle of any type. For example, if a lancet Is used to form the opening, 
it must be retracted from the opening prior to the commencement of the extraction 
of blood. Because lasers and fluid jets do not require contact with the? skin to form 
openings in the skin, these types of devices typically provide unobstructed 
openings. However, these expressions are not intended to include foreign objects 
at the surface of the skin or above the surface of the skin,; such as, for example, a 
glucose monitor. This feature, i. e., the unobstructed opening* can be contrasted 
with the opening used in the method and apparatus described in U. S. Patent No. 
5,320,607, in which the piercing and cutting means remains in the skin during the 
duration of the period of blood extraction. By leaving the opening unobstructed, 
blood can be extracted much more rapidly from the opening than it would be 
extracted if the piercing and cutting means were allowed to remain in the opening. 
In addition, the requirement of an unobstructed opening exposes the body to a 
foreign object either not ait all or for only a very short period of time, which is 
welcomed by the patient. 

The step of extracting the sampie of blood from the opening in the skin is 
carried out by a combination of extraction enhancing elements. Extraction 
enhancing elements suitable for use in this invention include, but are not limited to, 
vacuum, skin stretching elements, and heating elements. It has been discovered 
that when these elements are used in combination, the volume of blood extracted 
is greatly increased, particularly when a vacuum is applied in combination with skin 
stretching. In this combination, the vacuum not only causes the blood to be rapidly 
removed from the unobstructed opening by suction, it also causes a portion of the 
skin in the vicinity of the opening to be stretched. Stretching of the skin can be 
effected by other means, such as mechanical means or adhesives. Mechanical 
means include devices for pinching or pulling the skin; adhesives bring about 
stretching of the skin by means of pulling. It is preferred to use a vacuum to effect 
stretching of the skin. Like a vacuum, a heating element operates more effectively 
in combination with other techniques, e. g„ stretching of the skin. This feature, i.e., 
the extraction enhancing element, can be contrasted with the system described in 
U.S. Patent No. 5,279,294 in which no such extraction enhancing elements are 
utilized and the system described in European Patent Applications 0351 892 and 
01 27958, wherein the sensor is either needle-like in nature or fits within a hollow 
needle. 
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: ln "^ P^e'^Biiibodlmenl oflhislnvenUon. step (a) the steo di formic 
to unobstructed opening , ls precedetl 8tep ■ 

Wood a,, ho area of «ho sHn torn which ,ho samplo is fa be ex^ed^T* " 
«M* o. blood a. a given aroa o, ft. skin can bo increased J*^ 

.nono method, a vacuum can be used ,o cause Woodtmltft *L 
blood vessefe lo pool in .ho area of ft. skin „„ ere 1he vacuum & 
another method, heat can be used to cause Wood flowino thm,lT.!f 
*- -» tepid, in the area o, the sKTn ^Sg^S? 

time^ Although the step of increasin 9 the availability of blood in the vUnfe oMhl 
Wood exuacdon site J, no, required, the emptoy™ o, Me step Ln Sin a 
geatervojume of btood extracted. Events fbrlnoreasingJa^Sotlx. 
no, tarted ,o, vacuum, localized heating element, skin stretching elenZ «1 

which btood is to bo extracted can increase btood availability iS^ET* 
ston aUhe eppHcailon si.e. Thavac^can ^be usedm^ ^ 
W into a chamber, thereby increasing poo B „g of b,^^,, ^ 
ston. Th.scombinattono, vacuum and ston sowohlngc^ 

ST alee r Xe^r ' °" 

ohvs£,™ T ' neanS • 5UCh 38 blaa,nlne ' ran bo used to cause a 

physm og ca. response to increase perfusion under and within ,he shin 

copeck TK P "f' red embodimente °< lte i^o". the extracted btood is also 
!2L aep . 0f We sampto of btood ra „ bo earned oo. in atLy 

stationary wi,hin , he device throughout bk) ^ ^Z^l ™ h 
Z^Zor A ^ ,b ° PreSen ' inVe * n ^ «** "»* than one 

££57^ s r ainin9 a ^ °' ^ *»- — r 

sctosed m EPO 0732590A2. Regardless ol the manner in which the blood 
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sample is collected, the sample can be analyzed at a time later than the time of 
collection or at a location remote from the location of collection or both. 

A preferred embodiment of the invention will now be described in detail. 
Referring now to FIG. 1 , blood extraction device 10 comprises a housing 12. 
Disposed within the housing 12 are a vacuum pump 1 4, a lancing assembly 16, a 
battery 18, and electronics 20. A switch 22 is provided to activate elfectronics 20, 

The housing 12 is preferably made from a plastic material. It is preferably of 
sufficient size to contain all of the components that are required for forming an 
unobstructed opening in the area of the skin from which the sample of blood is to 
be extracted, extracting the sample of blood from the unobstructed opening in the 
skin, preferably with the aid of a vacuum and a stretching of the skin, and dollectirig 
the extracted sample in an amount sufficient to carry put a diagnostic test. Methods 
of preparing the housing 12 are well-known to one of ordinary skill ih the art. As 
stated previously, the housing 12 is not required, but is preferred for the 
convenience of the patient and the protection of the components. 

The vacuum pump 14 must be capable of providing a vacuum that will 
provide sufficient suction to stretch the portion of the skin in the region from which 
the sampte of blood is to be extracted. Typically, the portion of stretched skin is 
raised a distance of 1 to 10 mm, preferably 3 to 5 mm, from the plane of the body 
part of which it is a portion. As the suction provided by the vacuum pump 14 Is 
stretching the appropriate portion of skin, the suction provided by the vacuum pump 
14 also causes the stretched portion to become engorged with blood. The level of 
suction provided must be sufficient to cause a relatively large volume of blood to 
become engorged at the point that the vacuum is applied. The vacuum pump 1 4 
must also be capable of providing sufficient suction to extract blood from the 
opening in the skin at a rate sufficient to extract at least 1 pL of blood within a 
period of five mintites. A vacuum pump 14 that is suitable for the device of this 
invention can be a diaphragm pump, a piston pump, a rotary vane pump, or any 
other pump that will perform the required functions set forth previously. Typically, 
the vacuum pump 1 4 employs a self-contained permanent magnet DC motor. 
Vacuum pumps that are suitable for this invention are well-known to those of 
ordinary skill in the art and are commercially available. A vacuum pump suitable 
tor use in the present invention is available from T-Squared Manufacturing 
Company, Nutley, WJ, and has the part number T2-03.08.004. 

The vacuum pump 14 is preferably capable of providing a pressure of down 
to about -14.7 psig, and is more preferably operated at from about -3.0 psig to 
about 10.0 psig. The area oi the skin subjected to vacuum preferably ranges up to 
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about 50 cm*, more preferably from about 0.1 to about 5.0 cm*. The period of 
vaouum appfcabon prior to forming the opening in the skin, L e for inTrista, ,h» 
availability of blood u, the apportion site, preferably ranges up 'to JZ TJ? 1 
pretarabryhoraaboullioaboulisseoon;, The SCSr 
subsequent to framing thB opening in , he skin. ,. e .. for aWng in the eSnt, 
blood from the unobstructed opening, preferably ranges up to aWrTu^ 
preferabVfromaborri 1 .o abou, 60 seconds. IvLum^LThe^; 
pump ,4 can be continuous or puteed. A contlriuoua vacu^^^rr 
reason that' it requires fewer components than does a pulsed vatNum 
preferred that the vacuum applied no. cause ineversrotedaroag^L^, Hfe 
Ptetened that the vaCum appSed no, produce bruises and rXlo^o^of 2 

2ri ,P rf' 0,SeV0r9,dayS - ''^-P^d^theC^um 
appfed and duration o, app«ca, to „ of vacuum not be so excessive .nausea 

^edZ,^ 
Prober in a sbde o, praexisbng 

pump provides the user with greater con.ro, o, blood 6,„ac«on ootCsZ 
e*Ze^ '^^''"^aofpreext^redU^presZ^ 

to brino^tl TT"' ' S lnsur,d6ra ' CTe W oan be provided to the varaium pomp 
to bnng a hrgher leve , „ vaaJum ^ m pump 

oanb fl ^^Z^ m ^ 16 T^ Sa,leaa0n8lariC8, • Standard tancete 
can be used in the lancmg assembly of this invenbon. Narrow oauae (28 .„ «n 

"^'"'P'ft.0. Lanoe.esU te b te( „ r , htehrenlioncanhaves . ^^^"^ 

OA o about 2.5 mm, more preferably from about 0.4 to about 1.6 mm The lenath of 
balance, o, lancete prereratty ranges from aboo, , mm to *ou, 5 mm ^e 
ancrng assemb* is preferaMy tocata, so lha| the user ^ ea l 

ET^I 6 - 9 - * ^ 01 3 ~ ""»> ^m The 
Ra. 32.322. 4,203.446, 4,30,54. and 5.487,746. a, of 
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herein by reference. A particularly suitable lancing assembly for this invention is 
described in U. S. Patent No. Re. 32,922. However, any lancing assembly selected 
should operate in conjunction with the other features of the apparatus ot this 
invention For example, if a vacuum is employed, the lancing assembly must be 
designed so that a vacuum can be formed and drawn through the assembly. The 
lancing assembly can be designed to allow automatic cocking and automatic 
triggering of the lancet. • ;' 

While conventional lancing assemblies are suitable 1or use in this 
invention, a lancing assembly that utilizes differential gas pressure to thrust a 
lancet into skin tissue has been, developed for use with this invention. As used 
herein the expression "differential gas pressure" means the difference in gas 
pressure between a gas source at a high pressure, e. g., ambient air or 
pressurized air, and a gas source at a low pressure, e. g., air within a vacuum. 
In any event, the pressure of a gas source at high pressure exceeds the 
pressure of a gas source at low pressure., . 

FIGS 11 12 13 and 1 4 illustrate an embodiment of a lancing assembly 
suitable for use in this invention. In this embodiment, the gas is air. However, it 
should be noted that other gases, e. g.. nitrogen, carbon dioxide, can be used in 
place oi air for the gas source at low pressure, the gas source at high pressure, 
or both, the lancing assembly 60 of this embodiment comprises a housing 62. 
a piston 64 having a lancet holder 66. a lancet assembly 67 comprising a lancet 
67a inserted into a body 67b, a piston biasing means 68, which, in this 

embodiment, is a return spring, and a cap 70 The housing 62 has a manifold 
72 into which a three-way valve 74 can be fitted. See FIGS. 13 and 14 for 
manner of positioning the three-way valve 74 in the manifold72. Thethree-way 
valve 74 selectively allows air from a source external to the housing 62 to pass 
through an inlet port 76 to a bore port 78. thereby causing the level of pressure 
in the bore 80 to increase. The increased pressure in the bore 80 causes the 
piston 64 to be thrust toward the target skin tissue while simultaneously 
compressing the return spring 68. The piston 64 is halted by the cap 70 or by^ 

another structure designed to Hmit the penetration depth of the lancet 67a in the 
- skin. Such other structure can be a glucose detector in the form of a test strip, 
which will be described later, or a lancet stop, such as that designated by 
reference numeral 39 in FIG. 2. The three-way valve 74 then directs the air in 
the bore 80 to flow out through an exit port 82 to a source of low-pressure air, e. 
g an evacuated air cavity in the apparatus, thereby causing the level of 
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pressure in the bore 80 to decrease, and consequently altowing the return 
spnng 68 to force the piston 64 back to its pre-torust position in the bore 80 

Proper sizing of the components is needed to satisfy both the 
dimensional Umitations of the apparatus and the performance requirements of 
the landrig process, as explained further below. The lancing assembly of this 
mvention occupies no more space than a conventional spring-powered device 
and typically requires less distance for the lancet to travel. 

The bore 80, typically cylindrical in shape, is the chamber in which 
differential air pressure is generated to thrust the piston 64 toward the target 
sWntissue. The bore 80 also functions to guide the piston 64 toward the target 
skm tissue, while providing a low-friction pneumatic seal against o-ring 84 The 
o-nng 84 is desirable for preventing high-pressure air from leaking out of the 
bore 80 dunng the lancing procedure, because the leakage of high-pressure air 
w.ll decrease the level of air pressure in the bore 80, with the result that the 
thrusting speed Of the piston 64 would be reduced. The manifold 72 is shaped 
to fit the three-way valve 74, which selectively connects bore port 78 to either 
.met port 76 or exit port 82 to direct the flow of air to or from the bore 80 The 
ex., t port 82 is typically plumbed to a source of tow-pressure air. The iniet port 
76 .s typically plumbed to a source of air pressure higher than that of the low- - 
pressure air souroe. The ports 76. 78, and 82 are positioned to communicate 
wrth cwespondmg ports of toe three-way valve 74, and are preferably sized to 
cause less flow resistance than the ports on toe three-way valve 74. 
nrD , V" P ''f 0n * ls "loving component of the lancing assembly 60. It is 
Z^7io7T^ h *T ^ ^ hpWer 66 m * -ircumferentia, 

mount a deposable lancet assembly 67, which is Inserted by the user In the 
same manner as is used with a conventional lancing device. The lancet 

n «vk ^ K OTmprises a 67a - «hich is inserted into a molded plastic 
body 67b. The function of toe o-ring 84 is to act as a seal to maintain air 

!ZnTJ!! th T bPre 80 dUrin9 ,andn9 - The o-*0-«houl«J cause negligible 
sliding fncbon force along the bore 80 (negligible compared to pressure forces 
actmg on toe piston 64)! The .ength of the shaft 64a of the piston 64 is chosTn 
to prov.de a desiredstroke distance, typical* 5 mm to 25 mm. The roa^ 

d ameter for a cyKndricaily-shaped piston, is chosen to pro*de adequate 
surface area for pressure forces to thrust the piston 64 and the lancet assembly 
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The return spring 68, typically a metal helical spring, is compressed 
between the piston 64 and the cap 70. The spring 68 forces the piston 64 to its 
maximum depth in the bore 80 when substantially no differential air pressure 
exists in the bore 80. This action properly positions the piston 64 to begin the \ 
lancing process. This position of the piston 64 is the position in which the piston 
64 is furthest away from the target skin tissue when the apparatus is placed 
against the target skin tissue. The spring 68 also retracts the lancet assembly 
67 in the lancet holder 66 away from the target skin tissue at the end of the 
lancing process. The spring force must be sufficient to overcome the weight of 
the piston/lancet system plus the sliding friction of the 0-ring 84. 

The cap 70 is securely positioned in the housing 62. The cap 70 
properly positions the return spring 68 while providing sufficient radial 
clearance for the spring 68 to compress freely! The cap 70 has a passage 88 
through which the lancet holder 66 can move. The cap 70 can also function to 
help guide the piston 64 toward the target skin tissue. . 

FIGS: 15A, 15B, and 15G illustrate an installation of the lancing assembly 
of FIGS. 1 1 and 1 2 inside a hypothetical apparatus 91 . The lancing assembly 
60 is fixed inside a cavity 92 of the apparatus 91 and fitted with a three-way 
solenoid valve 74 and a standard disposable lancet assembly 93 as shown. 
The lancet assembly 93 comprises a lancet 93a, which is inserted into a molded 
plastic body 93b. The apparatus 91 has a lower passage 94 through which the 
lancet assembly 93 can move to form an unobstructed opening in the area of 
the skin "S" that is circumscribed by a circular opening 94a (shown by dashed 
line) in the lower passage. A side port 95 on a wall 96 of the apparatus 91 
connects inlet port 76 on the lancing assembly 60 to ambient air surrounding 
the apparatus 91 . The apparatus 91 also has a vacuum source 97 to maintain 
the air pressure in the cavity 92 at the level at which the apparatus operates, 
and a voltage source .98 to selectively activate the three-way solenoid valve 74. 
With voltage off, the three-way solenoid valve 74 connects the bOre 80 of the 
lancing assembly 60 with the cavity 92 via exit port 82, causing the piston 64 to 
experience no differential air pressure. 

In the "Ready" mode (FIG. 15A), the lower passage 94 of the apparatus 
91 is placed across the target skin. The vacuum pressure of the apparatus 
reaches operational level P y .which is substantially less than ambient pressure 
P a (e. g., P v = -7.5 psig, P a = 0 psig). The target skin is partially drawn into the 
lower passage 94 by vacuum pressure P v . The voltage of the three-way 
solenoid valve 74 is initially oft, thereby preventing ambient air from entering the 
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lancing assembly 60, allowing the return spring 68 to maintain the lancet 93a at 
rts max,mum d.stance (e. g., 10 mm) from the skin * 

In the "Lance" mode (FIG. 15B), the three-way solenoid valve 74 is 
activated by the voltage source 98. which allows ambient air 1 floL 

differential air pressure to act on the piston 64 The diffarorvtu. • ,raUS,nga 
the return spnng 68 and the friction of the o-rino 84 causlno th^S 1 
targe sktn. Thetancet 93a contacts the skin in a short period of timefea n 

skin and to penetrate to a specified depth to a i * mm\ tk 

s«n is comptefe When toe .Lting S^^^ 

reconnects the bore 80 to P*it nnrt ao i * ■ 
Port 78. causing ^CSS " tt" ^ 
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voltage, the lancing process is repeated. This feature has been termed 
"repetitive lancing." 

The resulting opening formed in the skin is similar to that achieved with 
conventional lancing devices; such an opening is capable of allowing a volume 
of biological fluid (e.g., 3 jiL capillary bipod) to be sampled for analysis. 

The lancing process illustrated in FIGS. 15A, 15B, 15C can be repeated as 
many times as desired using the same lancet and without disturbing the device or 
target skin. With the skin still held in place by vacuum suction, the solenoid voltage 
can be pulsed as needed to lance the target area more than one time. Repetitive 
lancing has two potential benefits. First, it can be coordinated with an indexing 
system in the apparatus to lance a matrix of sites on the target skin for additional 
access to biological fluid. Second, it can increase the lancing success rate at or 
near a single site, by sequentially lancing into the skin until the desired amount of 
blood is obtained. 

FIGS. 16 and 17 illustrate another embodiment of the lancing assembly. 
In these figures, prime reference numerals (i. e., reference numerals 60\ 62', 
64\ 64a\ 64b\ 66\ 70\ 72', 76', 78\ JBO\ 62V88 1 ) indicate components that are 
identical or at least substantially similar to components designated by the same 
reference numerals, but with no prime marking (Lb*, reference numerals 60, 62, 
64, 66, 70, 72, 76, 78, 80, 82, 88) in FIGS. 11 and 12. In FIGS. 16 and 17, 
bellows 89, typically a cylindrical molded elastomer, functions as both the 
pneumatic seal for bore 80' and the means for biasing piston 64'. The bellows 
89 effectively replaces the o-ring seal 84 and the return spring 68 shown in 
FIGS. 1 1 and 12. To accommodate the bellows 89, the shaft 64a' of the piston 
64' must have a radial cross-section dimension sufficiently smaller than that of 
the bore 80' to provide sufficient clearance for the bellows 89. A plate 90 
fastens and seals the bellows 89 to the shaft 64a 1 of the piston 64 1 , and provides 
a means of guiding the piston 64' through the bore 80'. A cap 70' and a 
housing 62' are shaped to fasten and seal the base of the bellows 89 as shown. 
This embodiment can be used in a manner identical to the embodiment shown 
in FIGS. 11, 12, 13, 14, 15A, 15B, and 15C. It is clear that the embodiment 
employing the bellows 89 offers the potential advantage of reduced sliding 
friction when compared to the embodiment employing the o-ring 84. The 
bellows does not rub against the surface of the bore in the manner that the o- 
ring does; therefore, the bellows may result in reduced friction force. The friction 
force has the undesired effect of reducing the speed of the piston. It is also 
clear that the bellows requires less dimensional tolerance to be accommodated 
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in the bore 80' than is required to accommodate the o-ring 84 in the bore 80 
The bellows does not need to be precisely fitted into the bore, as does the o^ 
ring. If the bore fits too tightly around the o-ring. then excessive sliding friction 
may result. If the bore fits tod loosely around the cwing, then excessive air 
leakage may result. By using the bellows in place of the o-ring; the 
manufacturing tolerances in the bore can be relaxed, with the resultthat 
manufacturing costs will be reduced and fewer parts will be rejected The 
bellows 89 is preferably made of a material having sufficient stiffness and 
sufficient flexibifity so that the bellows can perform the following functions- (1) 
act as a seal; (2) resist radial collapse under pressure; (3) allow the lancing 
assembly to retract to its initial pre-thrust position after the thrusting step; and (4) 
have its force overcome by differential gas pressure during operation 

FIGS.1 8 and 19 illustrate another embodiment of the lancing assembly 
In these figures, double prime reference numerals (i. e M reference numerals 
60" 62", 64" 64a", 64b" 66", 68", 70", 72", 76", 78"„80", 82- 88^0 :. 
components that are identical or at least substantially similar to components 
donated by the same reference numerals, but with no prime marking fi e 
T r f n ^ nUm ^ ,s 6 0. 62.64, 66, 70,72,76, 78, 80, 82, 88) in FIGS. 11 and 
12. In F|GS. 1 a and 19, a diaphragm 84a, typically a molded elastomer 
functions as the pneumatic seal for bore BO". The diaphragm 84a, in effect 
replacesihe o-ring seal 84 shown in FIGS. 1 1 and 12. The diaphragm 84a is 
fixed to the housing 62" and to the shaft 64a" of the piston-64" and can flex 
within .the bore 80" when the shaft 64a" of the piston 64" moves axialty in the 
bore 80 . To accommodate the diaphragm 84a, the shaft 64a" of the piston 64" 
m*.hm» a radial cross-section dimension sufficiently smaller than that of the 
bore eo to provide sufficient clearance for the diaphragnv 8 4a In addition the 

^ZZ T t<>P ^ ° f ^ h ° USln9 ™* matures to 

wh,ch the diaphragm 84a can be installed. The assembly features must also 
effectvely seal the diaphragm 84a between the housing 62" and the top 62a" 
of the housing. The diaphragm 84a is preferably fastened to the shaft 64a" of 
he p,ston 64" by means of a fastener 83a. This embodiment can be operated 
»n a manner .dentical to that of the embodiment shown in FIGS 11-17 The 
d.apbr agm ^ js preferab|y ^ qJ g material having sufficient strength and 

— vLT "T ° Perati0n ° f ,andng aSSemh * < 3 > a,,ow the 'ancing 
-^lolh««|^| Ii oth,* < *.p^^ allowthe lancing" 
assembly to retract to rts initial pre-thrust position after the thrusting step 
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The components of the lancing assemblies in FIGS. 11-19 must be of a 
shape and size to conform with the dimensional envelope available for the 
lancing assembly. Proper design of the components is also an important factor 
in achieving acceptable lancing resurts in the skin. Other important factors are 
the performance of the three-way valve (L e., valve flow resistance and 
switching time) and the air pressure environment in which the lancing assembly 
operates, as discussed below. The components for constructing the lancing 
assembly are commercially available, and one of ordinary skill in the art would 
be expected to have sufficient ability to select the proper components from 
commercially available sources. 

Lancing results are believed to be influenced by three main parameters: 
(1) lancet speed during impact with the skin, (2) inertlal mass of the 
lancet/piston combination of the lancing assembly, and (3) shape and size of 
the lancet needle. The third parameter is not addressed by the lancing 
assembly of this invention because the assembly is expected to function with 
most commercially available lancet assemblies, such as the W BD ULTRA-FINE" 
(Becton-Dickinson) and the "ULTRATLC" (MediSense) brands. The first and 
second parameters are greatly affected by the geometrical shapes and weights 
of the components in the lancing assembly, although the precise influence of 
lancet speed and inertia! mass on lancing performance are not well understood. 
However, good lancing performance has been observed with conventional 
devices, which have an inertial mass typically from 1.0 gram to 2.0 grams arid 
deliver a peak lancet speed ranging from 3 m/sec to 5 m/sec. 

A general mathematical expression that relates the lancet speed to the 
design of the lancing assembly and the pressure environment can be 
formulated from physical laws as follows: 

M * a(t) « A * i P c (t) - P v (t) h Ks * [ x{t) + Xs ] - Ffft) 
where 

t = elapsed time 
M = total inertial mass (piston + lancet 
assembly) 

a(t) = translational acceleration of the 
lancet at time = t 
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Pc(0 ■ = • air pressure acting on the top 

surface of the piston at time = t 
P v (t) = air pressure opposing the action of 

the piston at time = t 
A = projected surface area of the piston 

acted upon by Pc{t) and P v {t) 
K s = spring rate constant of the return 

spring 

x(t) ■ = trahslatibnal displacement of the 

lancet at time = t 
Xs = initial displacement of the return 

spring 

Ff(t) = friction force of the piston seal at 
time = t 

p c(t)-Py(t) = differential pressure level which 
accelerates the piston at time = t 

Solution of the foregoing expression for lancet displacement (x) vs. time 
(t). from which lancet speed as a function of time can be determined, requires 
many auxiliary equations in the field of thermodynamics and compressible flow 
which incorporate design details of the invention and the three-way valve In ' 
general, the lancet speed (U p ) at the time of impact on the skin can be 
expressed in terms of the following variables: 

Mp = F [ A, M, S, Xp. K s , X s , Cv, Dt v , V c , V v , P a , P v , T a , Ff ] 
where 



M 



effective surface area of the piston on 
which air pressure acts 
total inertial mass (piston + lancet assembly) 
S = stroke distance of the piston 
X p = lancet displacement when impact with 

skin occurs (Xp< S) 
K s = spring rate constant of the return 
spring 

initial displacement of the return spring 



X s = 
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C v = flow coefficient of the three-way valve 

when activated 
Dt v = switching time of the three-way valve 

(time to fully activate) 
V c = initial air volume between the piston and 

three-way valve 
V v =. initial cavity volume of the apparatus 

(I. e. f measured volume of the cavity prior 
to actuation of the lancet) 
Pa - pressure level of the high-pressure air 
source 

p v . initial pressure level of the cavity of the 

apparatus (i. e M measured pressure of low 
pressure air source prior to actuation of the lancet) 
T a = air temperature level 
Ff « friction force profile of the piston seal 
(typically varies as a function of the 
displacement of the piston) 

Maximizing the lancet speed within a specified stroke distance of the piston (S) 
13 accomplished by selecting a three-way valve with high ilow coeffident (Gy) 
and rapid switching time (Dtv), by optimizing the surface area of the piston (A) 
and initial air volume between the piston and three-way valve (V c ), by 
minimizing the total inertial mass (M), the spring force (K s , X s ), and the friction 
force profile of the piston seal (Ff). by ensuring adequate initial cavity volume 
(V v ), and by applying as much pressure differential (P a - P v ) as permitted by the 
apparatus. 

The lancing assembly that utilizes differential gas pressure offers several 
advantages over conventional lancing assemblies. The advantages are 
brought about by using differential gas pressure rather than a compressed 
spring to thrust the lancet into the skin. One advantage is that the lancet does 
not need to be manually cocked by the user before use. This simplifies usage 
and permits sequential lancing of the target skin to provide greater access to 
blood. Cocking is not required because the gas providing differential gas 
pressure is vented from the lancing assembly after use, thereby allowing the 
piston biasing means to force the lancet back to its original position. Another 
advantage is that the lancing assembly does not need to be mechanically 



W09JW4366 

PCT/DS97/22618 

27 

triggered This simplifies the design of the device and protects against 

functions to both initiate and execute the lancing process Stiu ^n 
advantages that the lancing assembly fu.ly reS^f ^ : . 

Returning to FIG. 1, the vacuum pump 14 is connected to^tendn 
assembly 16 by an evacuation tube 24 The air t^TT ^ 3 
assent , 6 byme vacuum pump^ m " 7^1^^,"^ 
evaoraHon lube 2 4 * ^ ? t ^ 

placed between the vacuum pump 14 and «,„ S 71 * ChecKval>,e26 fe 

transistors Dressuro mnn a„. J™1 """"W electronic devices, such as power 
required in £ZZ££l ^'V*'**"' 1 " *» «^**' 
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Component 


Source 


Catalog Number 


Mosfet Drivers 


International Rectifier 
BSegundo, GA 


lnLUUi£4 


Op-Amp 


Mcjtinn^l ^pmifionductor 

PtctllUlldl wC?llllvrV/i iwuviyi 

Santa Clara. CA 


LM358 


Status LED 


Hewlett-Packard 
Newark Electronics 
Schaumburo. IL 


HLMPD150 


Pressure Sensor 


Sensym; Inc. 
Mltoitas.CA 


SDX15D4 



FIG. 3 illustrates by way of a block diagram how the foregoing electronic 
components can be arranged to carry out the method of the present invention. 

Operation of the blood extraction device 10 will now be described. Referring 
now to FidS. 1 , 2 and 3, the nosepiece 30 of the lancing assembly 16 is applied to 
the surface of the skin, designated herein by the letter "S". The end of the 
nosepiece 30 that contacts the skin is equipped with a seal 32. the purpose of the 
seal 32 is to prevent air from leaking into blood extraction chamber 34, so that the 
vacuum pump 14 can provide sufficient suction action for increasing the availability 
of blood to the area of the skin from which the sample is to be extracted, stretching 
the skin, and extracting the sample of blood from the unobstructed opening in the 
skin. The seal 32 surrounds an opening 33 in the nosepiece 30. The opening 33 
in the nosepiece allows communication between the surface of the skin and a 
blood extraction chamber 34 in the nosepiece 30. The seal 32 is preferably made, 
of a rubber or an elastomeric material. FIG. 4 iHustrates an alternative position for 
the seal 32. In FIG. 4, the seal is designated by the reference numeral 32\ The 
remaining parts of FIG. 4 are the same as those of FIG. 2, and , accordingly, retain 
the same reference numerals as were used in FIG. 2, 

It has been discovered that an improved design and construction of the 
nosepiece 30 can provide enhanced collection of blood from the unobstructed 
opening in the skin. In FIG. 2, it is shown that the interior walls of the nosepiece 
form a shape that is essentially cylindrical. While this design is capable of 
providing adequate performance in the method of this invention, it has been 
discovered that by changing the construction of the interior cavity of the nosepiece, 
collection of blood can be accelerated. 
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A nosepiece assembly 3000 is illustrated in FIG. 32. The nosepiece 
assembly 3000 comprises a nosepiece 3001 and a sea) 3002. The nosepiece 
3001 comprises a lower base 3004 having an opening 3005 therein. Above the 
lower base 3004 is an upper base 3006 having an dpening 3007 therein. The 
features of the exterior of the nosepiece, other than the lower base 3004 and the 
upper base 3006, are not critical to this invention, and one of ordinary skill in the art 
can design the exterior walls of the nosepiece in any manner that does not 
adversely affect the operation of the nosepiece of this invention. The features of 
the interior of the nosepiece, the lower base 3004, the upper base 3006 and in 
some cases, the seal 3002 are critical and, consequently, they will be described in 
greater detail. An interior wall 3008 encloses a cavity 3010 of the nosepiece 3001 
ft is critical that the interior wall 3008 of the nosepiece 3001 be structured in such a 
manner that the opening 3007 in the upper base 3006 be of an equal or smaller 
area than the opening 3005 in the lower base 3004. It is desired that the area of 
the opening 3007 be reduced to as small of a size as possible, but riot so small as 
to interfere with the collectibn of blood by a glucose monitor (see FIG. 2) or with the 
path of a lancet. An optional rim 3012 can surround the opening 3007 in the uPoer 
base 3006; 

There are several ways of causing the area of the opening 3007 to be less 
than the area of the opening 3005. As shown in FIG. 32, the interior wall 3008 can 
be tapered so as to bring about a reduction in the area of the opening 3007. The 
tapering can begin at any point along the interior wail 3008 of the nosepiece 3001 
If the tapered portion runs all the way from the beginning of the tapered portion to 
the upper base 3006, the optional rim 3012 will have a depth of zero, and thus be 
eliminated from the nosepiece. Alternatively, the area of the opening 3007 can 
merely be made smaller than the area of the opening 3005, such as through the 
use of step-wise cylindrical sections. 

Ports 3014 and 3016 can be included in the nosepiece 3001 to give the 
cavity 3010 more exposure to a vacuum, if needed. 

In order to more accurately describe the construction of the nosepiece . 
assembly 3000, reference points, designated by alphabetical letters, have been 
placed on FIG. 32 so that typical distances between these reference points can be 
disclosed. The optional rim 3012 has a depth designated by the line "ab" This 
depth typically ranges irom 0 to about 1.5 mm, preferably from 0 to about 1 0 mm 
The opening 3007 in the upper base 3006 has a major dimension designated by 
the |, ne -cd». The area of the opening 3007 typically ranges from about 1 to about 
500 mm*, preferably from about 1 to about 150 mm*. The opening 3005 in the 
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lower base 3004 has a major dimension designated by the line w et\ The area of 
the opening 3005 typically ranges from about 10 to about 500 mm* preferably from 
about 50 to about 150 mm 2 . The distance from the lowermost point of the rim 3012 
to to lowermost point of the seal 3002 (hereinafter "rim-to-seal distance-) is 
designated by the line "bg" This cfistance typically ranges from about 1.5 to about 
8.0 mm, preferably from about 3 to about 6 mm. It is preferred that the distance be 
selected so that the skin, when stretched into the nosepiece 3001 , comes as close 
as possible to the rim 301 2 or the upper base 3006 of the nosepfece 3001 .If the 
rim 3012 is not present, the point "d" will be located at the level of the upper base 
3006. The thickness of the seal 3002 is represented by the line "eh*. The width of 
the sealing surface and the width of the sealed surface of the lower base 3004 are 
designated by the line "hj\ One of ordinary skill in the art would have sufficient 
expertise to optimize the dimensions of the nosepiece without undue 
experimentation. Additional details regarding the nosepiece 3001 and the seal 
3002 are dealt with in the examples. 

This improved nosepiece has several advantages. The improved design 
and construction of the nosepiece can provide enhanced collection of blood from 
the unobstructed opening in the skin. In addition, The nosepiece brings about a 
better seal to the body than do the nosepieces previously used. A tetter seal 
reduces the amount of vacuum leakage, with the result that a less expensive 
vacuum pump can be used. In addition, the improved nosepiece allows a seal to 
be maintained on those individuals having excessively hairy skin. 

A particularly preferred type of nosepiece may have a seal of the type shown 
in FIGS. 42A and 42B in cross section, referred to hereinafter as a flex seal The 
flex seal contacts a larger area of skin than does a planar seal- The flex seat can 
then cause more skin to be brought into the internal space of the nosepiece when 
vacuum is applied than can a planar seal. The flex seal can be made but of a 
silicone, 40A durometer. 

The flex seal 3020 can be attached to the nosepiece 3022 by a mechanical 
attachment 3024 or by an adhesive. The portion 3026 of the flex seal that is not 
attached to the nosepiece 3022 is capable of moving between a first position, as 
shown in FIG. 42A, and a second position, as shown in FIG. 42B. In the first 
position, the unattached portion 3026 of the flex seal 3020 depends from the lower 
base 3028 of the nosepiece 3022 as shown in FIGS. 42A. In the second position, 
the unattached portion 3026 of the flex seal 3020 contacts the lower base 3028 of 
the nosepiece 3022 such that one major surface of the unattached portion of the 
seal is in face-to-tace contact with the tower base 3028 of the nosepiece as shown 
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in RG; 42a The flex seal is made of a material having a coefficient of friction th*t 
reduces the tendency of sW n in cental 

sufficiently flexible so that it can move between the first position and the second 
posrtion and sufficiently stiff to hold the skin in an immovable oosffion ThT • 
3030 in the flex seal has an area greater than the ^^3^^ 
lower base 3028 0 f the nosepiece 3022, when the ffex sea. is 
asshoVminFIG.42A. Posrtron, 
In operation, the fle x seal, is placed against the skin -S" of the halt™ tw 
areao,^ contacted by the hex sea, fe gmate, than the area o he optnta inl 
k.werbase o„he nosepiece. Consequently, the volume orskin ««ed inT ha 
nosepierte is greater than , he volume of skin thai would have been m^toL 
nosor^vmhaplanarsea,. Thus. ,he Hex sea, woukj be SilTtor atT . 
having betow norma, skin (texibiBry. ' beneftaal (or a patten, 

Tho switch 22 Is actualed, typically hv heinn », ; t _.. 

s^^sc^by*e sea, 32,„ become engorged wijh oU ErZ err L m ' 

A«o' on appropriate period of time. Which is lyrxcaily p,e-se> bv the 
Programmer o«1he e,ec,ron,cs. ,he ,andng assemble is 4emd^hemby 
«usmg .be .ancet 36 ,o penehate the skin .ha, has risen up ,a ,he oplhl 33 and 

ftTtotMaR^ , ,WMU5eSaVa ™ um - aaua,e[, P'«»n (no, shown) ,o trigger 
Thl^^l ^ ! hB 1 ^ , ^r , 36 15 ,h8n ,e,rarted ' P^bVaummatica,,;. 

JZ!!' * vacuum generated by the vacuum pump 14 is 

^sed. the etewontcs 20 causes ,he vacuum pump 14 to stop. ThedevicelO 

Tho hL, T ■ teVe ,he P 3 " ""n" 6 ' LHDA051 1 1 1 1H 

gluco JS^T " P ' ^ C °" 9C,ed °" ,he ^ Bralio " »» of a . 

glucose deleclor. e. g., a reilectance ship or biosensor. The blood can than h„ 

used as the sampte ,or a determination o, giucose concern^ ^ ^ 
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Alternatively, the blood can be collected by other collection devices, such as , for 
example, a capillary tube or absorbent paper. 

The apparatus of the present invention can include a glucose detector for 
analyzing the blood sample extracted by the apparatus. Glucose detectors are 
well-known in the art. With respect to glucose monitoring, there are two major 
categories of glucose detectors - reflectometers and biosensors. Representative 
examples of reflectometers suitable for this invention are described in U. S. Patent 
No. 4,827,445, incorporated herein by reference. Representative examples of 
biosensors suitable for this invention are described in U. S. Patent No. 5,509,410, 
incorporated herein by reference. 

The glucose detector is preferably disposed in the nosepiQce 3Q of the 
lancing assembly 1 6. The glucose detector must be located at a position 
sufficiently close to the site of blood extraction so that the quantity of extracted 
blood collected will be sufficient to carry out a standard glucose monitoring test. 
Typically, this distance will preferably be no more than 5 mm from the site of blood 
extraction, more preferably no more than 3 mm from the site of blood extraction, 
most preferably no more than 1 mm from the site of blood extraction. Alternatively, 
the glucose detector may be maintained at a distance greater than 5 mm from the 
site of blood extraction until shortly after the lancet has been triggered, preferably 
about 50 milliseconds but at least long enough to allow the lancet to be retracted. If 
the glucose detector is so positioned, it may then be triggered, for example by a 
solenoid valve that causes a vacuum actuated piston to trigger the glucose 
detector. Other triggering mechanisms may also be used. The triggering action 
propels the glucose detector towards the skin, preferably no more than 5 mm from 
the site of blood extraction, more preferably no more than 3 mm from the site of 
blood extraction, most preferably no more than 1 mm from the site of blood 
extraction. Care must te taken in the placement of the glucose detector so that the 
detector does not adversely affect the vacuum, when a vacuum is employed to aid 
in the extraction of blood. In addition, the glucose detector 40 should be modified, 
if necessary, so that the blood collected in the collection zone of the glucose 
detector is capable of being used to activate the glucose detector. 

FIG. 2 also illustrates a manner for disposing a glucose detector 40 in the 
nosepiece 30 of the lancing assembly 16. 

One embodiment of the glucose detector 40 of this invention involves a 
multiple-layer element comprising: 
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(a) ^ a layer capable of receiving blood and transporting the blood 
received by means of chemically aided wicking; . , 

(b) a layer capable of detecting the presence of analyle or measurinn iho 
amount of analyte in blood; and measunng the 

(c) a 'ay^r that can be placed in contact with a meter, the meter, 
contactable layer overlying the blood-transporting layer said lav^rrTf 
transporting blood to said layer (b). * (3) 0a P BWe .°».- 

One preferred embodiment of the glucose detector 40 of this invention 
involves a multiple-layer element, which comprises: 

(a) a covering layer having an opening therein- 

th • 3 ,ayer ' the covering layer, capable of receiving blood 

through h9 opening in the covering layer and transporting blood by S 
chemically aided wicking; ^oy means of 

^er ».» also be discussed. The wniplMayer element 1 , OocompHses a 

==== a? 
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can be positioned so thai the lancet need not pass through it The opening 1104 in 
the covering layer 1102 allows the blood-transporting layer 1108 to take up blood 
emerging from the opening In the skin formed by the lancet so that Wood from that 
opening in the skin can be transported by means of a chemically aided.wicking 
action to the detecting layer 11 TO. 

The detecting layer 1110 can be disposed on a major surf aoe of the 
covering layer 1102 or on a major surface of the mfeter-corrtactable layer 1114. 
The detecting layer 1110 comprises a layer or layers of chemicals, e, g M an 
enzyme, capable of reacting with an analyte in a biological fluid to produce either a 
measurable electrical response or a measurable optical response. U; S. Patent 
Nos. 4,545,382; 4,711,245; and 5,682,884; all of which are incorporated herein by 
reference; describe detecting layers capable of generating a measurable electrical 
signal in response to glucose in blood: U. S. Patent Nos. 4,935,346 and 
4,929,545, both of which are incorporated herein by referencei describe detecting 
layers capable of producing a measurable change in reflectance in response to 
glucose in blood. An example of a detecting layer is described in U S. Patent No. 
5,682,884. The detecting layer described in U S. Patent No. 5,682,884 comprises 
a first conductor and a second conductor extending along a support and further 
comprises a means for connection to readout circuitry. An active electrode, 
positioned to contact the liquid blood sample and the first conductor, comprises a 
deposit of an enzyme capable of catalyzing a reaction involving the analyte 
compound, e. g., glucose, in the liquid blood sample. Electrons are transferred 
between the enzyme-catalyzed reaction and the first conductor to create the 
current. A reference electrode is portioned to contact the liquid blood sample and 
the second conductor. 

The covering layer 1 1 02 is preferably formed from a hydrophobic material. 
The covering layer is preferably sufficiently flexible to conform to the remaining 
layers of the multiple-layer element. Representative examples of materials that are 
suitable for preparing the covering layer include, but are not limited to, polymeric 
materials, such as polyesters, polyimides, polyethylenes, polypropylenes, 
polycarbonates, polyacrylics, and ^ combinations thereof. 

The thickness of the covering layer 1 1 02 is not critical, but preferably ranges 
from about 0.005 mm to about 2*0 mm. The surface dimensions of this layer are not 
critical, but the major surface dimension preferably ranges from about 5 mm to 
about 60 mm and the minor surface dimension preferably ranges from about 2 mm 
to about 30 mm. The layer is shown as being elongated and rectangular, but other 
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shades ^ SUi,ab,e ' 6 " 9 " CfrCU ' ar ' e,Hptlca, • trian 9 u ^ square, and other 

Thereof the ope^^ 
large to allow a lancet to pass therethrough into the skin of the patient Jt Is 
preferred that the opening 1104 be sufficiently large for a commercial* available 
lancet to be used. Because commercially available lancet assemblies vary in how 
precisely the lancet is centered within the body of the lancet assembly ZooeZ 
1104 in the covering layer1102is preferab*su^ 
the lancet but not so large that it compromises the strength of the coVeS 
Typically, the opening 1104 is no larger than one-half to three-quarters of the width 
of the covering layer 11 02. • . nw»onne width 

AKhouoh the embodiment in FIGS. 21 A and 21 B displays a covering layer it 
.s poss,ble. but not preferred, to dispense with the covering layer entirely 1^ ' 
embodiments dispensing with the covering layer, the meter-contactable layer can 
have an opening therein through which the lancet can pass; alternatively a 
sufficent amount of the meter-contactable layer can be trimmed such that a lancet 
wri. avoid striking the end of the meter-contactabie layer prior tO formih^n 
openmg ,n the skin. In this latter embodiment, the blood-transporting layer may or 
may not have an opening therein through which the lancet ran pass " 

The blood-transporting layer 1108 is preferably made from polymeric 

?Z oft 9 ^ 88 ° f PO,ymeriC materia,s suitab,e ** the blood-transporting 
teyer of th,s mvention include, but are not limited to, polymers comprising amWe 
monomenc units, e. g nylon, ester monomeric unit,, alkylene mdnLric uri^e. 
LnTT T^ 0 ^**™' Ce " U,0SlC m0nOmeric unlts « and combinations 
-st^ 

conducted of finely woven strands of polymeric material; however, any woven or 
non-woven material may be used, provided that the bkxKl-transporting b yer 
.anspo^thebloodtothedetectinglayerllio 

ZT 01 U ° m abOUt 4 ° *+» 45% ' a ™ sh «™t of from 

about 95 to about 115 fibers per cm. a fiber diameter of from about 201o about 40 

£V£ HC ° f IT f ^ 40 10 *"* 60 ^ A ~riy Preferred mesh 

Switl^nH a from Sefar (formerly ZBF), CH-6803, Ruschlikon, 

Son has a r S 7 eSh lhat " SUi,ab,e f ° r ^ *™« - this 

ZT Z Z P ^ areB ° f ,r ° m 35001 50 10 aboul 55%. a mesh count of 
from about 45 to about 55 fibers per cm, a fiber diameter of from about 55 1^ 
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65 pm, and a thickness of from about 100 to about 1000 pm, A preferred mesh is 
NY1 51 HC mesh, available from Sef at (formerly ZBF). CH-8803. Ruschlikon, 
Switzerland. Mesh characteristics are further described In U. S. Patent No. 
5,628,890, incorporated herein by reference. 

The blood-transporting layer 1 108 transpdrts blood by means of a 
chemically aided wicking action. As used herein, the expression -chemically aided 
wicking action" refers to either: 

(a) the flow of fluid along a material wherein the nature of the 
material itself is hydrophilic, such as, for.example, cellulose; 

(b) the flow of fluid along a material wherein at least one Chemical 
substance is applied to the surface of the material, such as, for example, 
nylon coated with surfactant; 

(c) the flow of fluid along a material that has been rendered 
hydrophilic by means of a chemical or physical process, such as, for 
example, treatment of polyester by means of corona discharge treatment, 
plasma treatment, flame treatment, or the like. 

The purpose of the at least one chemical substance applied to the surface of the 
material of the blood-transporting layer is to promote the flow of fluid along the 
surface of the material. Chemical substances suitable for the foregoing purpose 
belong to the class of compounds commonly referred to as surfactants. Surfactants 
reduce the surface tension of the surface upon which they are coated and allow the 
coated surface to attract rather than repel fluids. A commercially available 
surfactant suitable for use in this invention is a fluorochemical surfactant having the 
trade designation "FC 1?0C FLUORAD", available from Minnesota Mining and 
Manufacturing Company, St. Paul* Minnesota, This surfactant is a solution of a 
fluoroaliphatic oxyethylene adduct, lower polyethylene glycols, 1,4-dipxane, and 
water. It has been found that approximately 1 to 1 Oug surfactant per mg of blood- 
transporting layer is preferred. The preferred surfactant loading may vary 
depending upon the nature of the material of the blood-transporting layer and the 
surfactant used. The preferred amount can be determined empirically by observing 
flow of sample along the blood-transporting layer with different levels of surfactant 
loading. The surfactant may not be necessary if the mesh is made of hydrophilic 
material. 

The blood-transporting layer 1108 is capable of allowing a sufficient amount 
of blood to uniformly flow through it at a rate sufficiently great that a sufficient 
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amount of bloody, g., 0.1 ,o lOpf, preferably up to 2,d, moreproferablyupro , „, 
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layer will determine its strength. It is preferred that the thickness and material 
properties of the mesh be such that a commercially available lancet can pierce the 
mesh. 

In FIG. 25. the blood-transporting layer 1 1 08 is disposed between the 
covering layer 1 102 and the meter-contactable layer 1 114 and is disposed directly 
under the opening 1 104 in the covering layer 1102; however, the blood- 
transporting layer 11 08 also has an opening 11 10 formed therein. In the 
embodiment shown in FIG. 15. there is no possibility that the lancet will hit one of 
the strands of mesh during the skin-opening step of the process. 

As shown in FIG. 26A. the meter-contactable layer 1114 has two openings 
1116 and 1122 formed therein. The blood-transporting layer 1108 is offset from 
opening 1 1 1 6 and directly over opening 1 1 22. In this embodiment, the lancet 
passes through opening 11 16 to form the opening in the skin. Then, some type of 
mechanical device, e. g.. a spring, a solenoid, a pivot, or a four-bar linkage, causes 
the multiple-layer element to move a sufficient distance such that at least a portion 
of the blood-transporting layer 1 f08 is substantially directly over the opening 
formed in the skin, thereby minimizing the distance the blood needs to travel to 
reach the blood-transporting layer 1 108 and at the same time eliminating the 
possibility of the lancet striking a strand of mesh during the lancing operation, the 
opening 1122 in the meter-contactable layer directly aligned with the blood- 
transporting layer 1108 can be used for application of vacuum to enhance the 
collection of blood. However, it should be noted that sucfcan opening is optional, 
and can be dispensed with in other embodiments. See, for example, FIG. 26B, in 
which only one opening is formed in the meter-contactable layer. 

In FIG. 27, the blood-transporting layer 1108 abuts one end 1121 of the 
multiple-layer element. In the embodiment of FIG- 27. a lancet that passes through 
semi-circular opening 1 1 04 can strike a strand of mesh during the lancing 
operation. The blood emerging from the opening formed in the skin has a minimal 
distance to travel to reach the blood-transporting layer 1 1 08. Alternatively, after a 
lancet has formed an opening in the skin, the multiple-layer element can be moved 
in the manner described previously to facilitate taking up of blood by the blood- 
transporting layer 1108. 

The detecting layer 1 1 10 preferably comprises an electrochemical detector, 
e. g., a biosensor,' or an optical detector, e: g., a reflectance detector. The detecting 
layer 1 11 0 is supported on either the covering layer 1 1 02 or on the meter- 
contactable layer 1114. 
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meter-contactable layer include polymers comprising acrylic monomeric units, 
methacryfic monomeric units, acrylate monomeric Units, methacrylate monomeric 
units, vinyl chloride monomeric units, and combinations of the foregoing. Other 
polymers suitable for preparing the meter-contactable layer include polyesters. 
The functions of the meter-contactable layer are to (1 ) provide a surface on which 
to print the detecting layer 11 10, (2) provide alignment of the opening or openings; 
in the multiple-layer element with the lancet, (3) provide contact of the multiple- 
layer element with the meter for the purpose of reading the signal from the 
detecting portion of the- multiple-layer element, (4) provide a rigid layer so that the 
multiple-layer element can be easily picked up and placed in contact with the 
meter, and, in the case of a detector measuring an optical response, provide a 
surface to contact against a meter, which contains a Hght source and means for 
reading the glucose signal from the detecting layer. 

The size of the opening 1116 in the meter-contactable layer 1114 must be 
sufficiently large to allow a lancet to pass therethrough into the skin of the patient It 
is preferred that the opening 1116 be sufficiently large for a commercially available 
lancet to be used, because commercially available lancet assemblies vary In how 
precisely the lancet is centered within the body ot the lancet assembly, the opening 
1116 in the meter-contactable layer 11 14 is preferably sufficiently largB for 
passage of the lancet, but not so large that it compromises the strength of the 
meter-contactable layer. Typically, the opening 1116 is no larger than one-half to 
three-quarters of the width of the meter-contactable layer 1114. 

Although the meter-contactable layer 1114 shown in FIGS. 21 A and 21 B 
displays an opening 1 11 6, it is possible, but not preferred, to dispense with the 
opening 1116, so long as a sufficient amount of the meter-contactable layer 1 114 is 
trimmed such that a lancet will avoid striking the end of the meter-contactable layer 
prior to passing through the opening 11 04 in the covering layer 1102. In this 
embodiment, the blood-transporting layer 1108 may or may not have an opening 
therein. 

The following table lists suitable ranges for the dimensions ot the layers of 
the multiple-layer element of this invention. It is not intended that the dimensions of 
the layers of the multiple-layer element of this invention be limited to the ranges 
listed in the following table. 
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Layer 



Coverinf 
Blood- 
transpbrtin t 
Delecting 



Meter-contactable 



Major surface 
dimensio n (mm) 
5 to 60 * 
5 to 60 

5 to 60 



5 to 60 



Minor surface 
dimension (mm) 
2 to 30 

2 to 30 



2 to 30 



2 to 30 



Thickness (mm) 

0.005 to 2.0 
0.006 to 0.5 

0-001 to 0.5 



005 to 2.0 



The multiple-layer element is preferably sufficiently rioid «5n th a t 
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applied by screen printing over a portion of the periphery of the blood-transporting 
layer (which is preferably in the form of a mesh), thereby surrounding and defining 
a suitable path for the sample of blood to travel from the; point it contacts the blood- 
transporting layer to the detecting layer 1110* See U. S. Patent No. 5,62B,890 for 
additional discussion concerning how the overcoat layer holds down and fixes the 
mesh layer in place. The overcoat layer 1123 and the blood-transporting layer 
1108 are substantially coplanar. As used herein, the term "coplanar" means that at 
least one surface of each of two materials resides in the same plane. Substantial 
coplanar positioning of these layers is preferred because the blood-transporting 
layer 1108 spreads blood in ail directions. In order to limit the spread of blood in 
undesired areas of the multiple-layer element, the overcoat layer 1 1 23 acts as a 
barrier to flowing blood. The blood-transporting layer 1 1 08 is adhered to the 
meter-contactable layer 1114 by means of embedding the edges of the blood- 
transporting layer 1 1 08 with the overcoat layer 1123. FIG. 28 illustrates the 
relationship between the planes of the Optional overcoat layer 1123 and the blood- 
transporting layer 1 108. As used herein, the expression "substantially coplanar" 
includes both the situation wherein at least one major surface of the overcoat layer 
1123 and at least one major surface of the bloodHransporting layer 1108 are in the 
same plane arid the situation wherein at least one major surface of the overcoat 
layer 1123 extends slightly beyond at least one major surface of the blood- 
transporting layer 1 108. true coplanarity,! e., the former situation, is difficult to 
achieve primarily because of manufacturing conditions. Substantial coplanarity, I. 
e., the latter situation, is more likely to be achieved under actual manufacturing 
conditions. FIG. 28 illustrates the more likely manufacturing result However, it is 
preferred that the overcoat layer 1 1 23 and the blood-transporting layer 1 1 08 
approach true coplanarity as much as possible so that the volume of blood needed 
to be extracted is as small as possible. 

^Iftthod for P reparing the MuHtPle-Laver Element 

The multiple-layer element is preferably mass-produced. However, the 
following method can be used for the manufacture of a single multiple-layer 
element. 

The meter-contactable layer 1 1 14 can be provided in the form of a sheet. In 
a typical construction, the meter-contactable layer 1 1 14 can be a sheet of polyvinyl 
chloride. The detecting layer 1 1 1 0 can be screen printed onto the meter- 
contactable layer 1114. The detecting layer 1 1 1 0 can be a biosensor of a type 
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and 21 B). Then the lancet penetrates the skin, forming an opening therein. See 
FlG. 29C. Then the lancet is retracted, thereby forming an unobstructed opening in 
the skin. The blood, "B*. emerges from the unobstructed opening in the skin 
assisted by vacuum, and contacts the blood-transporting layer 1 108, flows along 
the blood-transporting layer, whereupon it reaches the detecting layer 1110. See 
FIG. 29D. A chemical reaction occurs at the surface of the detecting layer. The 
output of the chemical reaction can be read at the electrical contacts 1110a of the 
detecting layer 11 10. After the multiple-layer element is filled, the vacuum is 
released and the skin comes away from the nosepiece. 

In the case of an electrochemical sensor, the meter-contactable layer 1 114 
must physically contact the meter (not shown) in order to have the sensor, i. e.,the 
detecting layer 1 110, make electrical contact with the meter, such as by insertion 
into an electrical connector. The meter-eontactable layer can also serve to 
physically align the multiple-layer element with the meter in order to property align 
the lancet with the opening 1116 in the meter-contactable layer. In the case of the 
reflectance strip, the meter-contactable layer must be mounted in the meter to allow 
alignment of the light source and the detector of the meter with the reflectance strip, 
as Well as allowing physical alignment of the multiple-layer element with the meter 
so that the lancet is properly aligned with the opening 1 1 1 6 in the meter- 
contactable layer. 

While not preferred, it is also possible to provide a workable multiple-layer 
element that dispenses with the blood-transporting layer. In order to eliminate the 
blood-transporting layer, the meter-contactable layer and the covering layer can be 
disposed in such a manner that blood can flow between them to the detecting layer 
by means of capillary action. In one embodiment Involving flow by means of 
capillary action, the major surface of the meter-coritaetable layer facing the major 
surface of the covering layer and the major surface of the covering layer facing the 
major surface of the meter-contactable layer should be hydrophilic in nature. At 
least one of the foregoing major surfaces, and preferably both of the foregoing 
major surfaces, can either be made of a hydrophilic material or can be coated with 
a hydrophilic material, such as, for example, a surfactant. The hydrophilicity of 
these layers will cause the blood extracted to flow in the space between the meter- 
contactable layer and the covering layer to the defecting layer. Thus, it is clear that 
the blood-transporting layer can be eliminated, in this embodiment, the meter- 
contactable layer must be of sufficient length so that a capillary channel can be 
formed between the meter-contactable layer and the covering layer. Thus, it the 
covering layer is of such a length as to require an opening through which the lancet 
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can pass, It Is preferred that the meter-contactable layer also be of surh » i^k 
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blood. Engorgement of the skin with blood is accompanied by a stretching of and 
rising up of the skin up to the opening 1 1 2. After an appropriate period of time, 
which is typically pre-set by the programmer of the electronics, the lancing 
assembly 108 is triggered, thereby causing the lancet 116 to penetrate the skirt that 
has risen up to the opening 112 and that is engorged with blood. The lancet 1 16 is 
preferably triggered automatically, by a solenoid valve (not shown) that causes a 
vacuum-actuated piston (not shown) to trigger the lancet 116. The remaining steps 
of the process relating to collection of a sample of blood are substantially similar to 
the steps described in the embodiment shown in FIGS. 1 , 2, 3, and 4. 

In the embodiment shown |n FIG. 5, the glucose detector 1 14 Is inserted into 
a slot 118 in the*projecting portion 102b of the housing 102. The receiving portion 
1 02a of the housing 1 02 causes the glucose detector 1 1 4 to be moved into its 
proper position for testing. The results obtained from the glucose detector 1 14 can 
be displayed on a screen 120, typically a conventional liquid crystal digital display 
The receiving portion 102a is separated from the projecting portion 102b when the 
lancet 116 or glucose detector 114 Is being replaced. The receiving portion 102a 
is fitted tightly to the projecting portion 102b during the process of obtaining a 
sample of blood. 

The relative positions of the vacuum pump, the battery, the electronics, the 
evacuation tube* the check valve, the solenoid valves, and the vacuum-actuated 
piston are substantially similar to the relative positions of these components as 
described in the embodiments shown in FIGS. 1 and 2. 

In FIG. 6, blood extraction device 200 comprises a housing 202. The 
housing 202 comprises a door portion 202a that is attached to the remaining 
portion 202b of the housing 202 by a hinge 206. A gasket 207 is provided to seal 
the housing 202 when the door portion 202a is ctosed. The door portion 202a can 
be closed by pivoting it around the hinge 206. When the door portion 202a is 
closed, the convex portion 202c of the door portion 202a fits precisely into the 
concave portion 202d of the remaining portion 202b of the housing 202. The 
remaining edges of the door portion 202a fit tightly against the remaining edges of 
the remaining portion 202b of the housing 202. Disposed within the housing 202 
are a vacuum pump (not shown), a lancing assembly 208, a battery (not shown), 
and electronics (not shown). A switch (not shown) is provided to activate the 
electronics . The vacuum pump is connected to the lancing assembly 208 by an 
evacuation tube (not shown). A check valve (not shown) is placed between the 
vacuum pump and the lancing assembly 208. 
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During the process of obtaining the sample, the door portion 202a is closed 
The area of the door portion 202a of the housing 202 of the device 200 that is to ' 
contact the skin is equipped with a seal (not shown). The seal surrounds an 
opening 212 in the door portion 202a. The opening 212 in the door porton 202a' 
allows communication between the surface of the skin and a blood extraction < 
chamber adjacent to a glucose detector 214, shown here in the shape of a strio 
When in use, the device 200 is positioned so that the lancing assembly 208 is 
pbced over the region on the surface of the skin from which the sample is to be 
obtained. In order to obtain the sample of blood, the door portion 202a of the 
housing 202 of the device 200 is placed against the skin, whereby the seal allows 
a satisfactory vacuum to be effected. The switch is actuated, typically bybeihg 
pressed, thereby activating the electronics, which starts the vacuum pump The 
vacuum pump then provides a suction action. The suction action of the vacuum 
pump causes the skin circumscribed by the seal to become engorged with blood 
Engorgement of the skin with blood is accompanied by a stretching of and rising 
of the stan up to the opening 212. After an appropriate period of time, whichT 

SlT 8 ^^ * rtB *^* r ■**-'**onh*tfi lancing assembly 208 is 
triggered, thereby causing the lancet 216 to penetrate the skin that has risen up to 
he openmg 212 and that is engorged with blood. The lancet 216 is preferably 
triggered automatically, by a solenoid valve (not shown) that causes a vacuum- 
actuated piston (not shown) to trigger the lancet 216. The remaining steps of the 
process relating to collection of a sample of blood are substantially similar to the 
steps descnbed in the embodiment shown in FIGS 1 2 3 and 4 
slots 2 r 8 ll!,t^TT S K ( ^ ^ 6 ' the ^ ^c.pr 2H is inserted into 
ltl?^T 1 ° f h ° USin9 2 ° 2 - ThB resufts obta| ned *«n the glucose 

cLrl! ^ ^splayed on screen 220, typically a Conventional fiquld crystal 

oTobtin. ? ^ aC8d - ^ ^ 2023 ls ctosed duri "9 the process 

of obtaining a sample of blood. 

vacuum-actuated ptston are substantially similar t„ thB msave ^ of hM9 
componems as described in the embodiments shown in FIGS. 1 and 2 

In FIG, 7, blood extraction device 300 comprises a housino 302 The 
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be closed by pivoting it around the hinge 306. When the door portion 302a is 
closed, the convex portion 302c of the door portion 302a fits precisely into the 
concave portion 302d of the remaining portion 302b of the housing 302. The 
remaining edges of the door portion 302a fit tightly against the remaining edges of 
the remaining portion 302b of the housing 302. Disposed within the housing 302 
are a vacuum pump (not shown), a lancing assembly 308. a battery, (not shown), 
and electronics (not shown). A switch (not shown)-is provided to activate the 
electronics. The vacuum pump Is connected to the lancing assembly 308 by an 
evacuation tube (not shown). A check valve (not shown) is placed between the 
vacuum pump and the lancing assembly 308. 

During the process of obtaining the sample, the door portion 302a is closed. 
The area of the door portion 302a of the housing 302 of the device 300 that is to 
contact the skin is equipped with a seal (not shown). The seal surrounds an 
opening 312 in the door portion 302a, The opening 312 in the door portion 302a 
allows communication between the surface of the skin and a blood extraction 
chamber adjacent to a glucose detector 31 4, shown here in the shape of a strip. 
When in use, the device 300 is positioned so that the lancing assembly 308 is 
placed over the region On the surface of the skin from which the sample is to be 
obtained. In order to obtain the sample of blood, the door portion 302a of the 
housing 302 of the device 300 is placed against the skin, whereby the seal allows 
a satisfactory vacuum to be effected. The switch is actuated, typically by being 
pressed, thereby activating the electronics, which starts the vacuum pump. The 
vacuum pump then provides a suction action. The suction action of the vacuum 
pump causes the skin circumscribed by the seal to become engorged with blood. 
Engorgement of the skin with blood is accompanied by a stretching of and rising up 
of the skin up to the opening 31 2. After an appropriate period of time, which is 
typically pre-set by the^progfamrner of the electronics, the lancing assembly 308 is 
triggered, thereby causing the lancet 316 to penetrate the skin that has risen up to 
the opening 312 arid that Ss engorged with blood. The lancet 316 is preferably 
triggered automatically, by a solenoid valve (not shown) that causes a vacuum- 
actuated piston (not shown) to trigger the lancet 31 6. The remaining steps of the 
process relating to collection of a sample of blood are substantially similar to the 
steps described in the embodiment shown in FIGS. 1 , 2, 3, and 4. 

In the embodiment shown in FIG. 7, the glucose detector 314 is inserted into 
a slot 318 of the housing 302. The results obtained from the glucose detector 314 
can be displayed on screen 320, typically a conventional liquid crystal digital 
display. In FIG. 7, connections 322 for the electronics are shown. The door portion 



WO 98/24366 

PCT/US97/22618 

49 

M2a fe opened when the lancet 316 o, okicoso detector 314 is b^„ B rep ^ 
The door portion 302a Is dosed during the process ot obtaining a saSld. 

_ ■ ™" P 0 *™ °< «* vacuum pump, the bahery. L efedronics W 
swnch. the evacuation tube, the check valve. Ihe seal. ,he Ganoid vThT^he 
vacuum-aduated pfeton are substantially simile, , 0 the relative posMfons ei^T 
components as described in the embodiments shown in FIGS XT 

houstng «2compta8 a doorponion 402a that btmached to thereat 

Mie housing 402 when .he door portion 402a is dosed. The door portion 4^a can 

be closed by p,votlng » around the hinge 406. When the door porton 

dosed, ,he convex portions 402c and 402d o. ,he door portion 40^^,1 

402bt, IT' ?°T ^ ^ **■ ' eSPemV *- * "» "-alnlngS 
402b ol the housing 402. The remaining edges of the door portion 402afflikL, 
agatns. ,he remaining edges o. ,he remaining portion 402b S houSgZ^ 
Disposed within Iho housing 402 are a vacuum pump (not shown) a todmf 
assembr, 408. a batfcry (no, sho™,, and etedron.es , 0^^ ^,7409 ,s 
provded to activate the etedrontes. The vacuum pump is connected tolTZnn 

placed between the vacuum pump and the lahdng assembly 408 

The aSrf ° Wainin9 ' hB ^ ,he d0M ^ 402a is closed. 
The area ol the door portion 402a ot Ihe housing 402 of the device 400 that k .„ 

*wsl ' P0,Il0n "° 2a - The "P 6 ™" 0 4,2 '"o ooor portion 402a 

*wa communicaaon between Ote surface ot ,he skin and a blood extradL 
*ambe, at*acem t o a glucose detector 414. shown hem in.be shap^a^ 

pump causes ,ha skin drcumscribed by the seal to beoame engo, Be Tw„nZd 
Engorgement ol the skin with blood is accompanied bv a MttJLn^ , * 

«» op ,„ tte ^ 41 2 . Afl6r an ap ; o ^ * ~» r^r up 

»«* pre-set by the pmgrammer o. the electronics, the fcndng J^^„ 
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triggered, thereby causing the lancet 416 to penetrate the skin that has risen op to 
the opening 412 and that is engorged with blood. The lancet 41 6 is preferably 
triggered automatically, by a solenoid valve (not shown) that causes a vacuum- 
actuated piston (not shown) to trigger the lancet 41 6. The remaining steps of the 
process relating to collection of a sample of blood are substantially similar to the 
steps described in the embodiment shown In FIGS. 1 , 2, 3, and 4. 

In the embodiment shown in FIG, 8, the glucose detector 414 is inserted into 
a slot 41 8 of the housing 402. In this embodiment „ it is shown that glucose 
detector 14 can be rotated 90° between two positions to simplify insertion and 
replacement thereof. The results obtained from the glucose detector 414 can be 
displayed on screen 420, typically a conventional liquid crystal digital display. The 
door portion 402a is opened when the lancet 416 or glucose detector 414 is being 
replaced. The door portion 402a is closed during the process of obtaining a 
sample of blood. 

The relative positions of the vacuum pump, the battery, the electronics, the 
evacuation tube, the check valve, the seal, the solenoid valves* and the vacuum- 
actuated piston are substantially similar to the relative positions of these 
components as described in the embodiments shown in FIGS. 1 and 2. 

In FIG. 9, blood extraction device 500 comprises a housing 502. The 
housing 502 comprises a cover portion 502a that is attached to the remaining 
portion 502b of the housing 502 by a hinge 506. A gasket 507 is provided to seal 
the housing 502 when the cover portion 502a is closed. The cover portion 502a 
can be closed by pivoting it around the hinge 506. When the cover portion 502a is 
closed, edges 502c of the cover portion 502a tightly fit against edges 502d of the 
remaining portion 502b of the housing 502. Disposed within the housing 502 are a 
vacuum pump (not shown), a lancing assembly 508, a battery (not shown), and 
electronics (not shown). A switch (not shown) is provided to activate the 
electronics. The vacuum pump is connected to the lancing assembly 508 by an 
evacuation tube (not shown). A check valve (not shown) is placed between the 
vacuum pump and the lancing assembly 508. 

During the process of obtaining the sample, the cover portion 502a is 
closed. The cover portion 502a of the housing 502 of the device 500 that is to 
contact the skin is equipped with a seal 511, The seal 511 surrounds an opening 
51 2 in the cover portion 502a. The opening 51 2 in the cover portion 502a allows 
communication between the surface of the skin and a blood extraction chamber 
adjacent to a glucose detector 514, shown here in the shape of a strip. When in 
use, the device 500 is positioned so that the lancing assembly 508 is placed over 
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the region oh the surfaced the skin from which tho samnlo fc 

order to obtain .he sample of blood, the «Jp£K Z 1^ ' 

dev.ce 500 Is p h «d again* ,he s W , J^^g^ES 
vacuum to be eHected The switch is actuated h „ " Sa " S * >c "" y 

activating ,he electronics, which starts ,he JuuS*££ ' 
provwes a sucten action. The suction aafon^the^a^mrnithr'"'" P "T ^ 
drcumscrlbed by the sea. to become engomeowBh bZ P " 
sKin w«h bbod is accompanied by a streLCoC^ SETT* *" 
opening 5, 2. Afle, an appelate pe d od o, time. W.Z 

automatically, by a solenoid valve (not shown) that LJ^ " 
P«on <noUhown),o biggeHhe Jce, 516 T^aZ stZ^ aC,Uated 
-elating to collection of a sample of btood are Z^^^Z^'^ 
described in the embodiment shown in FIGS. 1^2^ and^ s ty>$ 
In the embodiment shown in FIG 9 tho nh ^^ M * ^ 

remammg portion 602b of the housing 602. Disposed v^h n 2 T ! 

vacuum pump (not shown* a wsposed within the housing 602 are a 
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(not shown). A check valve (not shown) is placed between the vacuum pump and 
the lancing assembly 608. 

During the process of obtaining the sample, the cover portion 602a is 
closed The cover portion 602a of the housing 602 of the device 600 that contacts 
the skin is equipped with a seal 611. the seal 611 surrounds an opening 612 in 
the cover portion 602a. the opening 612 in the cover portion 602a allows 
communication between the surface of the skin and a blood extraction chamber 
adjacent to a glucose detector 614, shown here in the shape of a strip. When in 
use, the device 600 is positioned so that the lancing assembly 608 is placed oyer 
the region on the surface of the skin from which the sample is to be obtained. In 
order to obtain the sample of blood, the cover portion 602a of the housing 602 of 
the device 600 is placed against the skin, whereby the seal allows a satisfactory 
vacuum to be effected. The switch is actuated, typically by being pressed, thereby 
activating the electronics, which starts the vacuum pump. The vacuum pump then 
provides a suction action. The suction action of the vacuum pump causes the skin 
circumscribed by the seal to become engorged with blood. Engorgement of the 
skin with blood is accompanied by a stretching of and rising up of the skin up to the 
opening 612: After an appropriate period of time, which is typically pre-set by the 
programmer of the electronics, the lancing assembly 608 is triggered, thereby 
causing the lancet 616 to penetrate the skin that has risen up to the opening 612 
and that is engorged with blood. The lancet 61 6 is preferably triggered 
automatically, by a solenoid valve (not shown) that causes a vacuum-actuated 
piston (not shown) to trigger the lancet 616. The remaining steps of the process 
relating to collection of a sample of blood are substantially similar to the steps 
described in the embodiment shown in FIGS. 1 , 2, 3, and 4. 

In the embodiment shown in FIG. 10, the glucose detector 614 is inserted 
into a slot 618 of the housing 602. The results obtained from the glucose detector 
614 can be displayed on screen 620, typically a conventional liquid crystal digital 
display. The cover portion 602a is Opened when the lancet 616 or glucose 
detector 614 is being replaced. The cover portion 602a is closed during the 
process of obtaining a sample of blood. 

The relative positions Of the vacuum pump, the battery, the electronics, the 
switch, the evacuation tube, the check valve, the solenoid valves, and the vacuum- 
actuated piston are substantially similar to the relative positions of these 
components as described in the embodiments shown in FIGS. 1 and 2. 

Referring now to FIGS. 43A through 43C, which depict another embodiment 
of the present invention, blood extraction device 700 comprises a housing 702 
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having an interior cover portion 702a (shown in the open position in R6. 43A and 
,n the closed position in FIG. 43B), a door portion 702b (shown in the open position 
n , F.GS 43A and 43B and in the Cosed position in FIG. 43C), and a bo^ po^n 
™L .nT^T 7023 advanta 9 eous| y may be positioned, via 
?TT ' th9b0dy port{on 7020 b * an ashmen! * the form of hinge 
705. Alternatively the interior cover portion 702a may be attached to the bbdv 

a h.nge 705. fnctional engagement, and a detent. When a hinge 705 is used h 
may <>ptfcnally be spring biased to retain the interior cover portion 702a in the open 
or ctosed pos,ton. A detent (not shown, may be provided on the interior coW ^ 
portion 702a to engage with a protrusion (hot shown) on the projection 703 orvice 
versa to maintain the interior cover portion 702a in the open or closed position 

SSS?^ ^ ** attaChm9nt OT C °^on of attachments that 
ajowsthe .ntenor cover portion 702a to attach to the body portion 702c and 
anernate between an open and closed position is acceptable. The door portion 
702b .s^ attached to the body portion 702c of the housing 7 Q 2 by a hinge 706 . 
A^ve^ the door portion 702b may be attached to the body portion 702c by 
frictonal engagement, a detent, or any combination of a hinge 706, frictiohal 
enga g e ment> and a detent. When a hinge 706 is used, it may optionally be spririq 
biased to retain the door portion 702b in the open or ciosad pOsiL A detect 

shown) on the body port,on 702c, or vice versa, to maintain the door portion 702b 
n the open or closed position when desired. Although a hinge 706 is provided in 
^embodiment shown in FIGS. 43A through 43C, any otherlttachment or 
combination of attachments that allows the door portion 702b to attach to the body 

ZZIZT T* **** 30 OPSn - * ^ableT A 

^ ^ ran9ement 707 IS pr0Victed 10 ^ the housing 702 when the 

lh^ 

door ZTZl in0t ShOWn) may b8 Pr ° vided t0 P revert accidental opening of the 
wou d^l 7 ^ ^ 700 ls in the fetch mllm 

would provide locking engagement Of the door portion 702b with the body portion 

assen^t^ir?^ 

iTb^Z w T * COmpnS,n9 3 m ° ,ded P,astic Dlece 730 to ^ich a lancet - 

I IZ^ I* 9 aSSBmbty (m Sh ° Wn) lnt ° whJch «• ***** assembly 708 
■s .nserted. a battery (not shown), and electronics (not shown) for purposes 
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described hereinafter. A switch 709 is provided to activate the electronics, which 
may take the form shown in FIG. 3. The vacuum pump communicates by an 
evacuation tube (not shown) with the volume enclosed by the door portion 702b 
when the door portion 702b is in the closed position- Optionally, a check valve (not 
shown) may be placed in the evacuation tube between the vacuum pump and the 
volume enclosed by the door portion 702b when the door portion 702b is in the 
closed position* • 

During the process of obtaining the sample, the interior cover portion 702a 
and the door portion 702b are closed together with the body portion 702c to form a 
seal The seal should be sufficiently tight so that a sufficient vacuum can be 
obtained by removing air from the volume enclosed by the door portion 702b when 
the door portion 702b is in the closed position. 

When the interior cover portion 702a is closed* the lancet 71 6 is fully 
enclosed within the interior cover portion 702a, thus preventing the individual 
being tested from accidentally coming into contact with: the lancet 716. The interior 
cover portion 702a contains an opening 713, FIG. 43B, that allows the lancet 716 
to extend therethrough and contact the skin as described hereinafter. The opening 
713 may be round* oval, rectangular or any other shape. The interior cover portion 
702a may also contain a shoulder portion (not shown) on the interior of the interior 
cover portion 702a that surrounds ail or a portion of the opening 71 3. When 
preferably included, the shoulder portion stops the lancet assembly 708 from 
extending beyond the shoulder portion and prevents the lancet 716 from extending 
more than is desired into the skin. The preferred lancing depth typically ranges 
from about 0-5 mm to about 3 mm into the skin. 

The area of the door portion 702b of the housing 702 that is to contact the 
skin is equipped with a seal 711 , FIG.43C. The seal 711 surrounds an opening 
712 in theidoor portion 702b that aligns with the opening 713 in the interior cover 
portion 702a when both the interior cover portion 702a and the door portion 702b 
are in the closed position. The opening 712 may be round, oval, rectangular or any 
other shape. The opening 712 in the door portion 702b allows communication 
between the surface of the skin and a blood extraction chamber adjacent to a fluid 
collector, shown here in the form of a glucose detector 714, FIG. 43B, which may 
take the shape of a strip. Other types of fluid collectors may also be used, and 
those of skill in the art will recognize that the present embodiment could easily be 
modified to include more than one fluid collector. Preferably, the glucose detector 

714 used in the embodiment shown in FIGS. 43A through 43C contains a opening 

715 in approximately the middle of glucose detector 714 for the lancet 716 to pass 
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through. The opening 715 is preferably in alignment with openings 712 and 713 
and the lancet 71 6. The opening 71 5 may be covered with a mesh 

When in use, the device 700 is positioned so that the lanefng assembly is 
Placed over the region on the surface of the skin from which the fluid sample is to 
be obtained S uch that the lancing assembly is approximately perpendicular to the 
surtace ofthe skin, Inorderto obtain thesampteo^ 

the housmg 702 is placed against the skin, whereby the seal 711 surTn^no 
opening 712 allows a satisfactory vacuum to be effected. TheJrtch^t 

in nnl' by ^ PreSSed ' th6reby a ^ng the electronics, described 

m FIG. 3 and d,scussed above, which starts the vacuum pump, the ation^he 
vacuum pump withdraws air from the volume enclosed by the door portion 702b 
when the door position 702b is in the closed position and causes the^Wn 

fh^n? 911 ' ythG ^ a,711t r tedrawn ^rdtheopening71 2 . This results in 
the skm becommg engorged with blood. Engorgement of the skin with blood is 
accompanied by a stretching of and rising up of the skin to the opening 712 in L 
door portion 702b. v inline 

Alter an appropriate period ol lime, which is typical pre-set by the 
P^ammed etectronics , the ^ ^ „ ^ 

fence, 716 ,o penetrate the skin that has been pulled up into th e opening 712 <tf the 
door portion 702b. The iance, 716 is preteraoly W99e red aolomat^Dy J 
acbvafon ol a solenoid valve (not shown, that causes a vacubrn-actuated I piston 
oltT' , W996r,helance ' 716 - Therematmng steps oHhe pmcess Sng . 
to collechon of a sampled blood are substantially similar to the steps deserted 
when using the embodiment shown in FIGS. 1 through 4 aua *>^ 

7,4 h££ ° mb °*™* sh °»" * F'GS. 43A through 43C, the glucose detector 

d^~coTr Sl °' °' *" P,0iBai0n ™ "to* ^ 
deteao, 7 4 contains one or more electrical contacts (out shown) on the end 

Z«™ ri °Jk 6 ? ■"»■- ™ metrical comacte, no, shown) 

£ ^Z!^,n k' 71B - ,nth89mb0 <«™'>' F'GS. 43A through ' 
43C. the slot 718 may be designed in such a manner that the glucose detector 714 
is Placed into me sto 718 a. an arigte thai advantageously all, to ZT a d 

ahZT? °' 11,8 9k, °° SB 714 a 1,16 <* «* tesT 

A»emat,»ely, me sto, 718 may be designed h such a manner that the glucose 
detector 714 isplacsd too me sM 718 substantia,* parallel to the upper3ace of 

^r™' tt 7 ? w - en ,he in,9,ior mvw ^ >^ 

Poat-on. Alignment channels 719a and 7,9b on either side et the exterior olthe 
toenor cover portion 702a may be provided to a«g„ lhe g^sede^or 714 » 
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that the glucose detector 714 is properly aligned with the lancet 716. Alignment 
features (not shown) within the interior of the door portion 702b may also be 
provided to assist in the alignment of the glucose detector 714 over the lancet 716 
when the door portion 702b is closed Both the interior cover portion 702a and the 
door portion 702b are closed during the process of obtaining a sample of blood* 
After the lancet 71 6 pierces the skin and is retracted, blood is withdrawn, 
under the aid of the vacuum, toward and onto the glucose detector 71 4. When a 
sufficient amount of blood has been collected, the glucose detector 714 generates 
a signal which results in deactivation of the vacuum pump and the vacuum is 
released by, for example, an electronically controlled valve. Alternatively, the 
vacuum pump may be stopped after a pre-set time interval. The blood collection 
device 700 may then be removed from the individual's skin. Thereafter, the 
glucose detector 714 generates a signal, as described above, indicative of glucose 
levei, which signal is transmitted via electrical circuitry to the electronics housed in 
the blood collection device 700, The signal is processed by such electronics, in the 
manner described above, and the results. obtained from the glucose detector 714 
can be displayed on a screen 720, typically a conventional liquid crystal digital 
display. Other manners of display may also be used. 

Upon completion of the measurement, the door portion 702b may be 
opened and the glucose detector 71 4 may be replaced. When it Is desired to 
replace the lancet 716, both the door portion 702b and the interior cover 702a are 
opened, as described above. The lancet 716 and the glucose detector 714 may be 
replaced Immediately after use, immediately before use, or may be replaced at any 
other time. 

Referring now to FIGS. 44A arid 44B, which depict another embodiment of 
the present invention, blood extraction device 800 comprises a housing 802. The 
housing 802 includes a door portion 802a (shown in the open position in FIG. 44A 
and in the closed position in FIG. 44B) that is attached to the body portion 802b of 
the housing 802 by an attachment in the form of a hinge 806. Alternatively, the 
door portion 802a may be attached to the body portion 802b by frictional 
engagement, a detent (not shown), or any combination of a hinge 806, 1 rictibnal 
engagement, and a detent. When a hinge 806 is used, it may optionally be spring 
biased to retain the door portion B02a in the open or dosed position. A detent (not 
shown) may be provided on the door portion 802a to engage with a protrusion (not 
shown) on the body portion 802b, or vice versa, to maintain the door portion 802a 
in the open or closed position when desired. Although a hinge 806 is provided in 
the embodiment shown in FIGS. 44A and 44B, any other attachment or 
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combination of attachments that allows the door portion 802a to attach to the bodv 
portion 802b and alternate between open and closed positions is acceptable The 
hinge 806 may be located on the body portion 802b as shown in FIGS 44A and 
44B or may alternatively be located on one side of the body portion 802b A casket 
or other seal arrangement 807 is provided to seal the housing 802 when the Lr 
portion 802a is closed. Additionally, a latch mechanism may be Included to 
prevent accidental opening of the door portion 802a when the blood collection 
device 800 is in use. typically, the latch mechanism would provide lockina 
engagement of the door portion 802a with the body portion 802b 

a « fim ^rf d """I:*" h0USlnQ 802 ^ 3 VaCUUm pum P M sndwri), a lancet 
assemWy 808 general* comprising a molded plastic piece 830 to which a lanceT 
816 ,s affixed, a lancing assembly (not shown) into which the lancet assembly 808 
» . ^sorted, a battery (not shown), and electronics (not shown). Aswitch809 FIG 
44B,,s provided to activate the etedronics, which may take the form as shown in ' 
FIG. 3 The vacuum pump communicates by an evacuation tube (not shown) with 
the volume enclosed by the door portion 802a when the door portion 302a is to he 
closed posrtion. Optionally a check valve (not shown) may be placed in the 
ev^n tube between the vacuum pump and the volume enclosed by the door 
portion 802a when the door portion 802a is In the closed position 

to fo^ DUrin9 , th l Pr<>CeSS ° f 0bta,nln9 the Sampte ' the ^ Portion 802a is closed 
to forto a seaL The seal should be sufficiently tight so that a sufficient vacuum can 

wLTZh y re ? Vln9 * ^ ^ V °' Ume enc,os ed by the door portion 802a 
when the door portion 802a is in the closed position. 

<*in e arBa ° f d ° 0r P ° rtl0n 8023 ° f the housin 9 802 * to contact the 
kmrsequ-ppedwith aseaKnotshown). The sea. surrounds an opening 812 
£bown ,n dotted lines in FIG. 44B) in.the door portion 802a. The opening 812 may 
£T ™ ^ VaJ ' re<te ^ ,ar or ^^er shape. The opening 812 in the L 
porton 802a allows communication between the surface of the skin and a btood • 
extraction chamber adjacent to a fluid collector, shown here in the form of a 
glucose detector 814, which may take the shape of a strip. Other types of fluid • 
collectors may also be used, and those of skill in the art will recognize that the 
present embodiment could easily be modified to inctode more than one fid 

■STL^JZ? ^ 814 US6d ln ,he Bmb ~ shown in 

FIGS. 44 A and 44B contams an opening 815 in approximately the middle of 

glucose detector 814 for the lancet 816 to pass through. The opening 815 is 

preferably in alignment with opening 812 and the lancet 816, The opening 815 

may be covered with a mesh. 9 
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When in use, the blood collection devicB 800 is positioned so that the 
lancing assembly is placed over the region on the surface of the skin from which 
the fluid sample is to be Obtained such that the lancing assembly is approximately 
perpendicular to the surface of the skin. In order to obtain the sample of blood, the 
door portion 802a of the housing 802 is placed against the skin, whereby the seal 
surrounding opening 812 allows a satisfactory vacuum to be effected. The switch 
809 is actuated, typically by being pressed, thereby activating the electronics; 
described in FIG. 3 and discussed above, which starts the vacuum pump. The 
vacuum pump then provides a suction action. The action of the vacuum pump 
withdraws air from the volume enclosed by the door portion 802a when the door 
portion 802a is in the closed position, and causes the skin circumscribed by the 
seal to be drawn toward the opening 812. This results in the skin becoming 
engorged with blood. Engorgement of the skin with blood is accompanied by a 
stretching of and rising up of the skin to the opening 812 in the door portion 802a. 

After an appropriate period of time, which is typically pre-set by the 
programmed electronics, the lancing assembly is triggered, thereby causing the 
lancet 816 to penetrate the skin that has been pulled up Into the opening 812 of the 
door portion 802a and that is engorged with blood. The lancet 816 is preferably 
triggered automatically by activation of a solenoid valve (not shown) that causes a 
vacuum-actuated piston (not shown) to trigger the lancet 816. The remaining steps 
of the process relating to collection of a sample of blood are substantially similar to 
the steps described when using the embodiment shown in FIGS. 1 through 4. 

In the embodiment shown in FIGS. 44A and 44B, the glucose detector 814 is 
inserted into slot 818 of the door portion 802a of the housing 802. Alignment 
channels 819a and 819b, preferably C-shaped, along either side of slot 818 can be 
used to align the glucose detector 814 so that the glucose detector 814 is properly 
aligned with the lancet 81 6. Preferably, the alignment channels 819a and 81 9b 
cover only a small portion of each side of glucose detector 814 to minimize the 
chance of blood being left in the slot 818 and alignment channels 819a and 819b 
when the glucose detector 81 4 is removed. In a preferred embodiment, some 
portion of the glucose detector 81 4 should extend beyond the top of the door 
portion B02a to ensure easy removal of the glucose detector 814. In the 
embodiment shown in FIGS. 44A and 44B, glucose detector 814 contains one or 
more electrical contacts (not shown) on the end opposite the end inserted into.slot 
818 that engage one or more electrical contacts (not shown) positioned within a 
slot 821 on the body portion 802b. The end of the glucose detector 814 with the 
electrical contacts is inserted into slot 821 on the body portion 802b by the 
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n»vement of the door portion 802a when the door portion 802a is dosed 

S , ^ **• 800 *W be designed in such a way , ha, 

the end of the glucose detector 814 one or more electrloal confaots is 

mserted mto slot 818 to engage with one or more efectncat contacts po^nl 
whhin slot 818and,„e end o,the gfueoseoetecto, *uJ^%ZZL,L 

oratT^ ^ ^ 8023 18 ^ """""^ *an«* «19a andC 
?* ? y afe ° !«*«"**r KM extending beyond the 

alignment channels 819a and 819b and prevent the lancet 816 L extenL 

Zi , n ?*" W ° *" ^ ^ ^-"ancing depfh ^ 

during the process of obtaining a sample of blood. "disclosed 

After the lancet 816 pierces the skin and Is retracted, blood is withdrawn 

Relent ^ount of btood has been collected, 1 he gtucose defector 614 gZ£r' 
released by. for exempie.an electronically controlled valve. Alternatively , he 

2? Toenl"^ TT- ****** Thereafter,.* glucose 
detecto 814 generates a signal, as described above, indicative of glucose level 
«** signal ,s UansthNted via eieofrioaf circuitry to ,he electronics l^S" 
^ C °! eC "°"- dBVi08800 - Th " Sl9na " s 0™°**«> such electronics In le 

«i be dsplayed on e screen 820, typically a conventional liquid crystal digital 
*Pby. Oner manners of dtepfay may also be used. """"WW 
Upon completion of the measurement, the door portion 802a mav be 

£1^1 detector 814 may be teplaced immediatety after use. 

immediately before use or may be replaced at any other time 

offhe Zemin.3 ,0 ^ 45A,hroUgh 45E - *P^*^e' 
haln?^ I" e * 9C " 0n 900 a housing 902 

havtng a door portion 902a (shown in the open position in Fie. 45A in a oartJallv 

hat ,s attached tothe body portion 902b o( the housing 902 by an ateZamtoL 
form o, a hinge 906. Alternatively, the door portktn 902a may bratetedtom" 
body portion 902b by trictiona. engagement, a detent <SZZ£T 
oomh,nahon o, a hinge 90S, tr Mo „al engagement, arit a deter' WrT a hinge 
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906 is used, it may optionally be spring biased to retain the door portion 902a in 
the open or a closed position. A detent (not shown) may be provided on the door 
portion 902a to engage with a protrusion (not shown) on the body portion 902b, or 
vice versa, to maintain the door portion 902a In the open or closed position when 
desired. Although a hinge 906 is provided in the embodiment shown in FIGS. 45A 
through 45E, any other attachment or combination of attachments that allows the 
door portion 902a to attach to the body portion 902b and alternate between an 
open and closed position is acceptable. A gasket or other seal anangement (not 
shown) is provided to seal the housing 902 when the door portion 902a is closed. 
Additionally, a latch mechanism may be included to prevent accidental opening of 
the door portion 902a when the blood collection device 900 is in use: Typically, the 
latch mechanism would provide locking engagement of the door portion 902a with 

the body portion 902b. 

Disposed within the housing 902 are a vacuum pump (not shown), a lancet 
assembly 908 generally comprising a molded plastic piece 930 to which a lancet 
916 is affixed, a lancing assembly (not shown) into which the lancet assembly 908 
is inserted, a battery (not shown), and electronics (not shown) for purposes 
described hereinafter. A switch 909 is provided to activate the electronics, which 
may take the form as shown in FIG. 3. The vacuum pump communicates by an 
evacuation tube (not shown) with the volume enclosed by the door portion 902a 
when the door portion 902a is in the closed position. Optionally a check valve (not 
shown) may be placed in the evacuation tube between the vacuum pump and the 
volume enclosed by the door portion 902a when the door portion 902a is in the 
closed position. 

During the process of obtaining the sample, the door portion 902a is closed 
to form a seal. The seal should be sufficiently tight so that a sufficient vacuum can 
be obtained by removing air from the volume enclosed by the door portion 902a 
when the door portion 902a is in the closed position. 

The area of the door portion 902a of the housing 902 that is to contact the 
skin is equipped with a seal 910, FIG. 45B. The seal 910 surrounds an opening 
912 in the door portion 902a. The opening 912 may be round, oval, rectangular or 
any other shape. The opening 912 in the door portion 902a allows communication 
between the surface of the skin and a blood extraction chamber adjacent to a fluid 
collector, shown here in the form of a glucose detector 914, which may take the 
shape of a strip. Other types of fluid collectors may also be used, and those of skill 
in the art will recognize that the present embodiment could easily be modified to 
include more than one fluid collector. Preferably, the glucose detector 91 4 used in 
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the embodiment shown in FIGS, 45A through 45E contains a semi-circular notch 
k^T xu fe9lon of th? 9luoose detector 914 that comes into contact with 
the blood. The semi-circular notch may be covered with mesh 

When in use, the blood collection device 900 is positioned so that the 
lancing assembly is placed over the region on the surface of the skin 924 FIG 
45C, from which the fluid sample is to be obtained such that the lancing asserhbV 
Is approx,matefy perpendicular to the surface of the skin 924. In order to obtaSe 
sample of btood the door portion 902a of the housing 902 is placed again^e 
sk,n924, whereby the sea. 910 surrounding opening 912 ailbws asatS 
vacuumtobeeffected. The switch 909 is actuated, typically by being pressed 
thereby activating the e^ronfcs, described in FIG. 3 and LcLed I a^hich 
starts the vacuum pump. The action of the vacuum pump withdraws air fromthe 
volume enclosed by the door portion 902a when the door portion 902a is in the 
closed position and causes the skin circumscribed by the seal 910 to be drawn 
toward the opening 912. This results in the skin becoming engorged with blbbd 
Engorgement of the skin with btood is accompanied by a stretching of and Sup 
tCugh ^ ^ ° Penin9 ^ ^ ^ ^ -s depictbd in 
After an appropriate period of time, which is typically pre-set by the 

, P r 9r fT-!r d eteCtr °" iCS ' ^ ,anC,n9 aSSemb, y ^ triggered, thereby causing the 
lancet 916 to penetrate the sWn that has been pulled up into the opening 9r 0 Tthe 

acbvahon of a solenoid valve (not shown) that causes a vacuum-actuated piston 
(not shown) to trigger the lancet 91 6. -ww piston 

914 is Lert^T f * 45A ,hrou 9^5E. the glucose detector 
eTlTJ ^ 

o nST'Z T - S (n0t ShOWn) 0n the end lnserted the slot which engage one 
ZZl t? C ° ntaCtS ^ Sh ° Wn) ^e slot. After the glucose 

ptS rilT?^ Whhi :, S,0t ° f ~" -ovable 

Alatchorother mechanism holds the movable 
project™ 903 ,n the .nward pos,tion until triggered, as discussed below 

As shown in FIGS. 45B through 45C, when the door portion 902a is ciosed 
ITJ r ° n l0teri0r ° f th9 *~ P«fcn 902a moves the movab to 

™ and r T *"* det6Ct0r 914 ^ 3 *-* *■ 

45A othL a , tenC8t aSSemb, y 908 - a cam surface 926 is shown in F.G 

45A, other abgnment approaches may also be utilized. The iancet 916 is then 
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triggered, penetrates the skin 924, as shown in FIG. 45D, and is quickly retracted. 
Shortly after the lancet 916 is triggered, as discussed above, the movable 
projection 903 is triggered, preferably electronically such as by the release of a 
latch or cither mechanism, causing an interior portion 903a of the movable 
projection 903 to move outwardly, such as by a sliding mechanism; and thereby 
causing the glucose detector 914 to move to a position near the position where the 
lancet contacted the skin 924, as shown In FIG, 45E, causing the glucose detector 
914 to come into contact with the blood The area of the interior of the door portion 
902a immediately adjacent to the opening 91 2 may also preferably stop the lancet 
assembly 908 from extending beyond the door portion 902a and prevents the 
lancet 916 from extending more than is desired into the skin. The preferred lancing 
depth typically ranges from about 0.5 mm to about 3 mm into the skin. The door 
portion 902a is closed during the process of obtaining a sample of blood. 

After the lancet 916 pierces the skin 924 and is retracted, blood Is 
withdrawn, under the aid of the vacuum, toward and onto the glucose detector 914. 
When a sufficient amount of blood has been collected, the glucose detector 91 4 
generates a signal which results In deactivation of the vacuum pump and the 
vacuum is released by, for example, an electronically controlled valve. 
Alternatively, the vacuum pump may be stopped after a pre-set time interval. The 
blood collection device 900 may then be removed from the individual's skin. 
Thereafter, the glucose detector 914 generates a signal, as described above, 
indicative of glucose level, which signal Is transmitted via electrical circuitry to the 
electronics housed in the blood collection device 900. The signal is processed by 
such electronics, in the manner described above, and the results obtained from the 
glucose detector 914 can be displayed on a screen 920, typically a conventional 
liquid crystal digital display. Other manners of display may also be used. 

Upon completion of the measurement, the door portion 902a may be 
opened and the glucose detector 914 and the lancet 916 may be replaced- The 
lancet 91 6 and the glucose detector 91 4 may be replaced immediately after use, 
immediately before use or may be replaced at any other time. 

Referring now to FIGS. 46A through 46C, which depict another embodiment 
of the present invention, blood extraction device 1000 comprises a housing 1002 
having a door portion 1002a (shown in the closed position in FIGS. 46A through 
46C) that is attached to the body portion 1002b of the housing 1002 by an 
attachment in the form of a hinge (not shown). Alternatively, the door portion 1002a 
may be attached to the body portion 1002b by frictionai engagement, a detent (not 
shown), or any combination of a hinge, frictionai engagement, and a detent. When 
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a hinge is used, » may opUonally be spnng biased to retain the door portion t002a 
In the open or dosed position. A detent (no, shown) may be provided on the Z 
portron 1002a to engage whh a protrusion (no, shown) on the body portion 1(Z 
or v,oe versa, to mai ntain the door portion 1002a In the open or closed position 
when desired. Although a hinge (not shown) is provided in the embodiment shown 
■n F,QSM6A.hrough <6C, any other attachment or cofnm^kJm^Z, 
aDowsttre door portion 1002a to a«ach to ,he body ponten 1002b and aiZt 
between an open and closed posHion is acceptable. A gasket or other seaT 
anengemen, 1007 is provided to seal the housing 1002 when tt» door portion 
1002a is closed. AHernallvely. the housing 1002 may also include a mS 
intenor coverporbon (no, shown), similar to ,ha, descdbed In ,he embodiment 
shown ,n FIGS. 43A .hrough 43C. Iha, advantageously may be posHion d alnd 
lanang assembly (no, shown, in a manner to altow the movable intertor cover 
porton to be opened and closed. Any attachment llral allows the movable interior 
cover portion t0 a«ach to the body portion 1002b and alternate behveen *JT 
and dosed posHion is acceptable. Additionally, a latch mechanism may be ^ 
mcluded ,o proven, accidental opening ol me door portion 1002a when ,he blood 
^leaton device ,000 is in use. TypicaUy. , he latcn mechanism 
"ooKing engagement o, the door portion 1002a vrth the body portion 1002b " 

T"* COmpns,n9 a Piaoe 1030 to Which a lancet 

, 2 Z , !i. a ^ (n0t Sh0Wn) M ° »^h the lance, assembly 

1008 Is inserted, a baHery (no, shewn), and electronics (no, shown, tor pumoses 
descrrbed hereinaner. A switch 1009 is provided to activate the etoro^L 

27 " Sh ° Wn in 3 ' T " e <™"P communJes £an 

evacuate, tube (no, shown) with , he volume enclosed by the door portion ,002a 
when he door pprtton 1002a Is in «e closed posftion. Optenally a £e£ v2 
no, shown, may be placed in ,he evacuafcm tube between ,he vacuum pr^end 

During the process ot obtaining the sample, the door portion ,002a is closed 
t oZ°^ ^ 8831 — *W so lha, a sumclem vair^r 

when ,he door portion 1002a is in the closed position. 

.The area of the door portion 1002a ot (he housing 1002 that is in cnm»,,.h. 
sk m is eguipped with a sea, ,0,0. The sea, ,0,0 «L?Z££Z? 
,he door port™ ,002a. The opening , „ 12 may „. rMJnd . ova , ^ y 
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other shape. The opening 1012 in the door portion 1002a allows communication 
between the surface ot the skin and a blood extraction chamber adjacent to a fluid 
collector, shown here in the form of a glucose detector 1014, which may take the 
shape of a strip. Other types of fluid collectors may also be used, and those of skill ; 
in the art will recognize that the present embodiment could easily be modified to 
include more than one fluid collector. Preferably, the glucose detector 1014 
contains at least one opening (not shown) in approximately the middle of glucose 
detector 1 014 for the lancet 1 01 6 to pass through. In this embodiment, at least one 
opening in approximately the middle of glucose detector 1014 is preferably in 
alignment with opening 1012 and lancet 1016 and may be covered with a mesh. 
Alternatively, the glucose detector 1014 used in the embodiment shown in FIGS. 
46A through 46C may contain a semi circular notch (not shown) in the region of the 
glucose detector 1014 that comes into contact with the blood. The semi-circular 
notch may be covered with a mesh. 

When in use, the blood collection device 1000 is positioned so that the 
lancing assembly is placed over the region on the surface of the skin from which 
the fluid sample is to be obtained such that the lancing assembly is approximately 
perpendicular to the surface of the skin, in order to obtain the sample of blood, the 
door portion 1 002a ot the housing 1 002 is placed against the skin, whereby the 
seal 101 0 sunounding opening 101 2 allows a satisfactory vacuum to be effected. 
The switch 1009 is actuated, typically by being pressed, thereby activating the 
electronics, described in FIG. 3 and discussed above, which starts the vacuum 
pump. The action of the vacuum pump withdraws air from the volume enclosed by 
the door portion 1002a when the door portion 1002a is in the closed position and 
causes the skin circumscribed by the seal 1010 to be drawn toward the opening 
1012. This results in the skin becoming engorged with blood. Engorgement of the 
skin with blood is accompanied by a stretching of and rising up of the skin to the 
opening 1012 in the door portion 1002a. 

After an appropriate period of time, which is typically pre-set by the 

programmed electronics, the lancing assembly is triggered, thereby Causing the 
lancet 1016 to penetrate the skin that has been pulled up into the opening 1012 ot 
the door portion 1002a. The lancet 1016 is preferably triggered automatically by 
activation of a solenoid valve (not shown) that causes a vacuum-actuated piston 
(not shown) to trigger the lancet 1016. 

In the embodiment shown in FIGS. 46A through 46C,the glucose detector 
1014 is inserted into a slot 1018 of a movable projection 1003 ot the body portion 
1002b of the housing 1002. Glucose detector 1014 contains one or more electrical 
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ZTt^T ° wn > ontheend ^^intothe S .ot 1018 which engage one or 
more etectncal contacts (not shown) positioned within the slot 1018. PreferL 
after the glucose Sector 1014 is positioned within the slot 1018 of movab f 
proton 1 003, movable projection 1 003 is pushed in a retract manner: A latch or 
- !he ~ n ^ -Hnggered'as 

To obtain a sample of blood, the door portion 1002a Is closed 
abovo.ayaa.um Is cnaated andthe akin became* engorge^X^l? 
appropriate period of «ma. the tonce, , 01 6 Is then >£J£2 ^LT'l 

movmg through a „ opening In approximately the middle ■„ glucose detenu,™ 
or movmg beyond the end ofihe g, u *ae da.ac.or ,0.4 coining S2£ 
notch. Tbe lancet 1016 than penetrates ,he skin, and is quickly retracted sho«hT 
after the ,ance, ,016 Is triggered and refracted, as discussed aCTme^ 
proton ,008 is triggered, causing .he giucose detector ,0,4 ,0 e'xlend^t 
across Ibewidlh of , he blood co»ect,on device ,0», as sbr^ by r^ltnG 
46A .n onler to coma into comae. with the blood. This movement mayTe^d 
bythe release ol a latch. Alternately. ,he glucose detector ,014 maytenZ^ 
.ha acta 0( a solenoid or other eteclromeZ^Zce 

^r W ' ,he *"* detedor 1014 "**be movedvia a pIvMnT 
P^echon ,003a F,a 46B. ,„ another enfcodmen,, ,ha glucose detecTfou 
may be moved via a four-bar linkage 1004, FIG. 46C 

extendi!* T"" P " >ieC<0n 1003 ma » *° """P"^ an extension 1025 tha, 
exlendelalerally across the^dth of U,e blood collacaon device 1000 When 

d2T£ 1C - ^ ^ ™' 1008 «gt end 
d^Str^ "r? BVe " SU,e ' anC8,10,6,,Ome!<,enan 8 rnoredtenV 

ZEESi? T' . 9 P,Bfe,rcd ■ anC "' 9 dBp,h ""•» "a- about 0.5 

mm to about 3 mm into the skin. 

^iJT^TT 10 ' 6 P "* CeS ,he **" and is re,raaeo . "* -aovable 

aZTL r 9lUC<Ke detea ° r 10,4 is «- *«—• 

above, so thai a wmkmg portion (no, shown) of glucose detector 10,4 is above the 

openrng created in the skin. Blood is ,hen withdrawn, under the aid offhe^ul 

^cfcvauon o, the vacuum pump and the vacuum is released by ,0, examole »„ 
e^romcany controlled valve. Alternatively. ,he vacuum pump nray ^stopl 
after a pn.se, time intenra,. The blood collection device ,000 may ten be 
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removed from the individual's skin, Thereafter, the glucose detector 1014 
generates a signal, as described above, indicative of glucose level, which signal is 
transmitted via electrical circuitry to the electronics housed in the blood collection 
device 1000. The signal is processed by such electronics, in the manner described 
above, and the results obtained from the glucose detector 1014 can be displayed 
on a screen 1020, typically a conventional liquid crystal digital display. Other 
manners of display may also be used. 

Upon completion of the measurement, the door portion 1002a may be 
opened and the glucose detector 1014 and the lancet 1016 may be replaced. The 
lancet 101 6 and the glucose detector 1014 may be replaced immediately after use, 
immediately before use or may be replaced at any other time. 

In each 01 the embodiments shown in the foregoing FIGS. 5-1 0 and 43-46, 
the housing, vacuum pump, lancing assembly, lancet assembly, battery, 
electronics, evacuation tube, check valve, nosepiece assembly, blood extraction 
chamber, lancet, and solenoid valve can be made of the same materials as the 
corresponding components of the apparatus shown in FIGS. 1 , 2, and 3. The seals 
104, 207. 307, 407. 507, 607. 707, 807. 907, and 1007 can be made of the same 
material as the seal of the nosepiece assembly. The components shown in the 
foregoing FIGS. 5-10 and 43-46 function in the same manner as do the 
corresponding components of the apparatus shown in FIGS. 1, 2, and 3, 

FIG. 20 illustrates a preferred installation of the lancing assembly shown in 
FIGS. 11 and 12 inside a prototype of an embodiment of the blood collecting 
apparatus of this invention. The lancing assembly 1200, shown in its retracted pre- 
thrust position, has been fitted with a standard lancet assembly 1202 and a three- 
way solenoid valve 1204. The cap 1206 of the lancing assembly 1200 is fitted into 
the partition 1207 of the apparatus 1000, thereby forming an effective seal against 
the partition 1207. The apparatus 1000 comprises a housing 1002* which 
comprises a door portion 1002a and a body portion 1002b. The exit port 1208 of 
the lancing assembly 1200 is connected to a vacuum pump 1210 by means of a 
passageway 1212, such as, for example, a connecting tube. The passageway 
1212 is also connected to a cavity 1213 inside the door portion 1002a of the 
apparatus 1000. In this manner, the vacuum pump 1210 can deliver an equal level 
of vacuum pressure to the cavity 1213 and to the exit port 1208. The vacuum 
pressure inside the cavity 1213 can be maintained I at a level at which the 
apparatus 1000 operates, because the vacuum pump 1210 can draw evacuated 
air from the cavity 1213 at a rate taster than the rate at which ambient air leaks into 
the cavity 1213 by way of the door seal 1007, the seal placed against the skin of a 



. WO 98/24366 

PCT/US97/22M8 

67 

patient 1010, and the seal formed between the cap 1206 and the partition 1207 
(no shown). The body 1002b of the housing 1002 of the apparatus 1000 contains 
air havng a pressure level equal to the ambient pressure surrounding the 
apparatus. The level of pressure inside the body 1002b of the housing 1 002 does 
not change during operation of the apparatus because the body 1 002b of the 
housing 1002 contains a sufficient number of openings (not shown) thai 
communicate with the surrounding ambient air. The air inside the body 1002b of 
the housing 1002 can enter the lancing assembly 1200 through the inlet Zn 4 
when the so.enoid vaJve 1204 is activated to begin the .andng step 
m ^ pressure between the ambient air inside the body 1002b of the hou^o" 
and the evacuated air inside the cavity 1213 in the door portion 1002a of the 
housmg 1002 brings about the differentia, gas pressure needed to operate the 
lancing assembly. During the lancing step, the thrusting motion of the lancet 
assemb1y1202ishaHedbya»ancet S to P 1216. The lancet stop 12^ an 
opening (not shown) that allows the lancet, 1218 to pass through and oenatrW* 
sKin which is placed against the seal 1010. The lanlg 
^^-ed,n a manner substantially idemica. to thai shown ^ 

« should be noted that thedesigns of the various housings shown in FIGS 
5-14 can be modified without substantial* affecting the functioning of the 
components disposed within the housing or oh the surface of the housing For 
examp.e, the shapes of the housings, the shapes of the dbor portionsoJL 
housings, the shapes of the cover portions of the housings, an^the shapes of the 
—g portions of the housings can be modified without o^palgtm the 
scope and spirit of this invention. gwrnine 

. This invention provides numerous advantages over blood extraction 
devlcesofthepriorart. Among these advantages are the foltowlng 

extractionof ^^^^^^M^mM^ 
2. Reduction of pain by eliminating the need to lance the finger; 

treatment coL"™™ ** ^ °' TOMon 01 btood s ^s by means of pre- 
treatm ent compnsmg a combination of stretching of the skin in conjunction with 
heat or vacuum orboth heat and vacuum; 

sample'' lmpan *? ° f 9,UC0Se ^ apparatus for extracting the blood 
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The following examples Illustrate various features of the present invention 
but are not intended to in any way limit the scope of the invention as set forth in the 
claims. In the following examples, the term "pierce" and forms thereof and the term 
"puncture"* and forms thereof are used interchangeably. Although the term 
"glucose detector" is used herein, one of ordinary skill in the art will recognize that 
the apparatus and methods of the present invention may also be used to perform 
other diagnostic tests. 

EXAMPLES 
Example 1 

This example illustrates that greater volumes of blood can be extracted and 
collected by applying a vacuum, pulsed or continuous, after piercing than can be 
extracted and collected when no vacuum is applied. No vacuum was applied prior 
to piercing. 

Each of four people had his forearm (dorsal forearm) punctured four times 
(at four different positions on the forearm) with a "BD ULTRA-FINE" lancet in a 
"MEDISENSE" lancet assembly (Model no. 97101) at two different levels of 
vacuum ( 2.5 psig and -5.0 psig) and for each different vacuum pulsing frequencies 
(0, 0.2, 0.8, 3.2, 1 2.8, 25, 1 00 hertz), the vacuum was applied with a pipette tip 
having a diameter of 8 mm ("RAININ RT-200"). Four control runs without a vacuum 
were also carried out (one puncture per person). A total of 60 punctures per 
person were carried out. Accordingly, it can be seen that a total of 240 runs were 
carried out. 

The vacuum was applied for a duration of 30 seconds after puncturing. 
Blood was collected into capillary tubes. In the control runs, the samples were 
extracted and collected 30 seconds after puncturing. The amount of blood 
collected was determined by measuring the length of blood in the tubes. The 
percentage of collections in which the volume of blood collected exceeded 1.0 uL 
was calculated. Sensation of pain was also recorded. The following pain scores 
were used: 

Pain of 1 = person did not feel anything or not sure if anything was felt 
Pain of 2 - person felt definite prick, not as painful as piercing of finger by 
standard finger lancet 
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Pain of 3 = person felt definite pain, approximately equal to a piercing of 
finger by standard finger lancet 

Blood collection results are set forth in TABLE I. 

TABLE I 



Frequency 
(hertz) 


Average 
vuiumo oi 
blood sample 
collected at 
-2.5 psig (ui) 


Percent of 
samples 
having > 1 ul. 
of blood 
collected at 
-2.5 psiq 


Average 
volume of 
blood sample 
collected at 
-5.0 psig (uL) 


Percent of 
samples 
having > i |xL 
of blood 
collected at 
-5.0 psig 


0 

(Continuous) 


16 


69 


3.1 


94 


0.2 


1.1 


' 44 


3.0 


94 


0.8 


1.1 


63 




75 


3.2 


1.5 


56 


3.8 


75 


12.8 


1.6 


75 


3.1 


100 


25 


2.3 


75 


3.2 


94 


100 


2.4 


81 


2.7 


88 



With no vacuum, average volume of blood collected was 0.8 u.L and 31% of the 
samples collected contained more than 1 uL. The pain results were as follows: 

pain of 1 = 81% 
pain of 2 a 17% 
pain of 3= 2% 

The control runs (no vacuum) provided much lower volumes of blood collected 

votoZ Wh6re VaCUUm "** ,ncreaSed Vacuum res "^ In higher 

vermes of blood extracted. The pain was minima), with only 2% of the punctures 
resuhmg .n pa.n comparable to that resulting from a piercing of the finger 
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Example 2 

This example illustrates that application of vacuum prior to piercing as well 
as after piercing results in a greater volume of blood extracted than does the 
application of vacuum only after piercing. 

Each of four people had his forearm (dorsal forearm, middle of forearm) 
punctured sixteen times (at sixteen different positions on the forearm) with a "BD 
ULTRA-FINE" lancet in a modified "MEDISENSE" lancet assembly at four different 
levels of vacuum. The tour levels of vacuum used were -2.5, -5.0, -7.5» and -1 0.0 
psig. The "MEDISENSE" lancet device was modified to allow vacuum to be pulled 
through the lancet assembly. Four punctures per person were earned out at each 
of the four levels of continuous vacuum. Accordingly, it can be seen that a total of 

64 runs were carried out. 

Prior to punduring, the vacuum was applied for a period of 30 seconds; 

subsequent to puncturing, the vacuum was applied for a period of 30 seconds. The 
skin was under vacuum at the time the lancet was triggered. After the lancet was 
triggered, the lancet assembly was removed, and the vacuum was Used to apply 
the same level of vacuum that had been used for the vacuum prior to puncturing. 
The vacuum, both prior to puncturing and subsequent to puncturing, was applied 
with a pipette tip having a diameter of 8 mm ("RAININ RT-200"). The pipette tip of 
the vacuum device was held level to the plane of the skin. Blood was then 
collected into capillary tubes, the amount of blood collected was determined by 
measuring the length of blood in the tubes. The percentage of collections in which 
the volume of blood collected exceeded 1.0 uL was calculated. Sensation of pain 
was also recorded. Blood collection results are set forth in TABLE II. 



TABLE II 



Vacuum level (psig) 


Average volume of blood 
sample collected (pL) 


Percent of samples 
having > 1 pL of blood 
collected 


! -2.5 


4.6 


94 


-5.0 


7.8 


100 


-7.5 


9.2 


100 


-10.0 


14.0 


100 
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The pain results were as follows: 

pain of 1= 58% 
pain of 2 = 31% 
pain of 3 = 11% 



A nearly linear relationship between level of vacuum and volume of blood m»,o„ a 
was observed The average volume of blood collected with Zul > T "* 
and after piercing was approximately twice that it^t£^ 
after piercing without vacuum applied prior to piercino LTZ » a ^ ed ^ 

always above 1 uL for all levels of vacuum, except -2.5 pslg. 



Exampte a 



fnii ™ s e ^P'e illustrates that localized heating of the area to be pierced 

extracted than does extraction with only vacuum after piercing 

nun* Ea f. °* f0ur P eo P>a had his forearm {dorsal forearm, middle of forearm) 

orioTn a " MED,SENSE * ,a "** assembly with heat applied (45 »C) 

S LrB^r 16 ^ ^ e ^-neating duration was 5 
seconds and 16 runs where the pre-heating duration was 60 seconds 

. Heatwas applied with a heating btock, which was an aluminum block 
having a square face covered with a "KAPTON" film hoa »oT 7 
an "OMEGA" dpai * Q ^ w «ON film heater element controlled by 
w^s^ffl^a^a^r ^!^^^^^^ '^hg.a T-typ© thenjjQQQi^jjQ^ Vacuum 

^S^l 6 ^^ Blood was colfocted 

he S!^- k 6 am ° Unt ° f bb0d ^ s ^rmined by measuring 

collections^ was also tracKed. Blood 
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Pre-pierring heating 
duration (seconds) 


Average volume of blood 
samples collected (jiL) 


Percent of sampled 
having > 1 |iL of blood 
collected 


15 


6.91 


94 


60 


11.6 


100 



The pain results were as follows: 

pain of 1 =91% 
pain of 2 = 9% 
pain of 3 = 0% 

The average volume of blood collected using a pre-heating duration of 15 seconds 
was rnore than twice the average volume of blood colliected at a post-puribturing 
vacuum level of -5.0 psig., with no pre-heating. See the results of Example 1 tor 
this comparison {6.91 \iL vs. 3.1 nL). The average volume of btood collected usihg 
a pre-heating duration of 60 seconds was approximately four times the average 
volume of blood collected at a post-puncturing vacuum level of -5:0 psig, with no 
pre-heating. See the results of Example 1 for this comparison (1 1 .6 jiL vs. 3.1 pL). 

Example 4 

This example illustrates the effect that stretching the skin upwardly ^h a 
vacuum has on the extraction of blood; 

Each of four i pe6ple had his forearm (dorsal forearm, middle of forearm) 
punctured eight times (at eight different positions on the forearm) with a "BD 
ULTRA-FINE" lancet in a "MEDISENSE" lancet assembly. Vacuum was applied for 
a period of 30 seconds prior to puncturing at -5.0 psig using two different vacuum 
fixtures. The first fixture was a 1 5 mm diameter vacuum fixture (i. e., a hollow 
cylindrical tube) used without a net strung across the opening of the tube. The 
second fixture was a 15 mm diameter vacuum fixture (i. e. t a hollow cylindrical 
tube) used with a net strung across the opening of the tube. The net prevented skin 
from being raised up into the vacuum fixture. The same vacuum fixture used prior 
to puncturing was applied for a period of 30 seconds after puncturing. The fixture 
was held level with the plane of the skin. Four punctures were carried out per 
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person per condition (without net, with net). Accordingly, it can be seen that a total 

n T 7: ^ ^ W8S ""^ lmo ^es. the amount 

of blood collected was determined by measuring the length of blood in the tuW 

The percentage of collections in which the volume of blood collected exceeded i n 
m was calculated Sensation of pain was also recorded. Blood collection resute 
are set forth in TABLE IV. woon results 



TABLE IV 



Net across nosepiece 



No 



Average volume of blood 
sample collected OiL) 



5.2 



Percent of samples 

having > 1 of blood 
collected 



Yes 



0.6 



The pain results were as follows: 



pain of 1 =94% 

pain of 2 = 6% . 
pain of 3 = 0% 

The magnitude of the difference in volume of blood collected and success rates (1 

the skin In combinabon wrth a vacuum was unexpected. The pain scores were low 
Th,s example demonstrates that the combination of skin stretcNng and a P Z 
vacuum significantly increased the volume of blood extracted. 

Exampta § 

Each of four people bed his forearm (dorsal forearm, middle of foreamrt 
punchy a. 3 2 posWo „ s on lh9 , oreami ^ ^ ULTR ^™^ 

ma modmed "MEDISENSE" lence, assembh. The "MEDISENSE" Ian e, ass^mL 
had been modified witt, a more powerful spring and a pod had been addw 
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Vacuum was applied for less than five seconds prior to puncturing. The 
lorearm was punctured under a vacuum of either -5.0 psig or -7.5 psig. The 
vacuum applied was maintained for 30 seconds after puncturing. The diameter of 
the pipette tip used to apply vacuum after puncturing was varied, with diameters of 
4, 6, 8. and 10 mm being used. Four punctures per condition (diameter,: vacuum 
level) were carried out per person. Accordingly, it can be seen that a total of 128 
runs were carried out. Blood was collected into capillary tubes. The amount of 
blood collected was determined by measuring the length of blood in the tubes. The 
percentage of collections in which the volume of blood collected exceeded 1.0 uL 
was calculated Sensation of pain was also recorded. Blood collection results are 
set forth in TABLE VA and VB. 

TABLE VA 



vacuum level = -5.0 psig 



Vacuum diameter (mm) 


Average volume of blood 
sample collected fjiL) 


Percent of samples 
having > 1 uL of blood 
collected 


4 


0.3 


0 


6 


1.7 


69 


8 


3.4 


94 


10 


4.1 


100 


TABLE VB 
vacuum level = -7.5 psig 


Vacuum diameter (mm) 


Average volume of blood 
sample collected (uL) 


Percent of samples 
having > 1 pL of blood 
collected 


4 


0.8 


25 


6 - 


3.1 


94 


8 


3.4 


81 


10 


6.3 


94 
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The pain results were as follows: 

pain of 1 = 89% 
painof2 = 10% 
pain of 3 = 1% 



The volume of blood collected and success rates (i e percent of « mnl u 

1 ML of blood collected) were found to vary : 

the larger diameter pipette tip than into the smaller diameter 



Examote fi 



This example illustrates that a plastic multiple point lancet can be used with 
heat and vacuum to collect a useful amount of blood ^ 

punctured s,xteen times (at sixteen different positions on the foreamrt I T 
Derma PIK® System for at testing ^i^or^^^^ 

mZST*'? 91 lnto a " MED,SENSE " »— -^su 

was earned out at approximately 40 °C and 45 X for 15 and 60 seconds orior tn 
Puncturing. Four punctures were carried out per condition O^iSEL' 
Person^ Acco^. t ran be seen ^ a ^ q| „ ^ ^~^> ~ 

havI n ^ aPPBed Wlth 3 heatlng bIock ' wh,ch ^'"Prised an aluminum block 

JddI^I contrpller using a retype thermocouple and the 

******** contact with the larger base of afmstumof a ro „ernade7co P per 

wX^^^r had a d|ameter of °- 5 ° ?n - Th8 ^ SST" 

w^sasom. The smaller base of the frustum had a diameter of 0.35 in The 
smaHer ^ h d a cyiindnca, opening having a diameter of 0.125 to The 
cyhndncal opening had a common axis with the frustum. The cyl^ical oLin. 
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exceeded 1 .0 uL was calculated. Sensation of pain was also recorded. Blood 
collection results are set forth In TABLE VI. 



TABLE VI 



Temperature fCVTime 
(seconds) 


Average volume of blood 
sample collected fjiL) 


Percent of samples i 
having > 1 (pi) of blood 
collected 


40/15 


2.4 


' 31 '•• • 


40/60 


2.6 


50 


45/15 


i 2.3; ■ 


' 56 


45/60 


5.2 


81 



The pain results were as follows: 

pain of 1 =100% 
pain of 2 = 0% 
pain of 3 = 0% 

This example demonstrates that a blood extraction process employing a multi-point 
plastic lancet, pre-piercihg heating, skin stretching, and post-piercing vacuum can 
extract at least 1 uL of blood at least 50 % of the time. 

Example 7. 

A prototype of the lancing assembly of this invention was tested in vitro 
for kinematic performance, using a "BD ULTRA-FINF brand lancet and a 
solenoid valve supplied by the Lee Co, Model No. LHPA051 1 111H. Design 
parameters of the prototype are listed below. The definitions of these 
parameters were previously set forth. 

= 30.7 mm 2 (diameter = 6.25 mm) 
= 1.2 grams 
= 10 mm 
= n/a 

= 19.5N/m 
= 8.7 mm 



A 
M 

S 

X, 



P 
K s 

X s 
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= 0.015 


Dt v 


= 0.7. msec 


V c 


= 0.01 cc 


Vy 


= 5 cc 


Pa 


= 14.7psia(=0psig) 


Pv 


= 6,7 psfa (= -8.0 pslg) 


Ta 


= 25°C 


Ff 


= 0.13 N- 0.18 N 



This configuration resulted in good lancing results when tested on human 
subjects. The measured lancet speed at the end of the stroke was 2.7 m/sec. 

Examoto fl 

(1) meter-contactable layer 

(2) detecting layer 

(3) overcoat layer 

(4) blood-transporting layer 

(5) covering layer 

The arrangement of the layers is shown schematically in FIGS. 2tA and 21B 
However the overcoat layer Is substantially oopbna, with the btoorHransportno 

was made from polyviny, 

ohfomte. A 1.5 mm diameter opening was punched in the mete r-a.Mactable taver 
The denting feyer ,1,0 was screen pnnted „n me meto-con^e^ * 
Across the opening i„ th9 meter-contactable layer was placed a layer of mesh 
whch served as me blood-transporting bye, „os. The mesh wj^o 

dZT. K,en ™ edaSNy ' 51 HC ' ^ detects tayerllH, was tte ™t, 
detecting layer described in U. S, Patent No. 5,682.884. The overcoat hyer , ,23 
^screen pdnted about me periphery „, , ne by6r 0( ^ ^ 

exposed The covenng layer was made from polyester. A 2.5 mm by 3.7 mm oval 
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opening in the covering layer was punched prior to assembly of the multiple-layer 
element. 

The multiple-layer element was placed in the apparatus as shown in FIGS. 
29A, 29B, 29C, and 29D. A vacuum of -7.5 psig was applied. The apparatus was 
placed in contact with the forearm of a volunteer who was diabetic. See FIG. 29A. 
The skin of the forearm was stretched and it raised up into the nosepiece, where it 
came near to or into contact with the covering layer 1 1 02 of the muKiple-layer 
element. See FIG. 29B. After the vacuum had been applied for five seconds, the 
lancet was fired into the skin by means of a spring-powered lancet assembly. The 
lancet passed through the opening 1116 in the meter-contactable layer 1114 and 
the opening 1104 in the covering layer 1102. See FIG. 29C. The lancet was 
retracted and blood began to emerge from the forearm of the diabetic volunteer. 
The vacuum aided in the extraction of Wood until the blood reached the layer of 
mesh 1108. See FIG. 29D. The blood was then transported along the mesh until it 
reached the detecting layer 1110 of the multiple-layer element When the blood 
reached the detecting layer of the multiple-layer element, an electrical current was 
generated. This current was used to determine when to release the vacuum. The 
electrical current was also an Indication of the level of glucose in the Wood of the 
volunteer. 

Seven diabetic volunteers were tested as described in the previous 
paragraph. The time required for the multiple-layer.element to fill after the .lancing 
operation was recorded. The multiple-layer element was considered to be filled 
when a current of 1.5 jiA was generated. The vacuum was then released and the 
current was recorded for 20 seconds. During the last five seconds of the 20 second 
measurement period, the current was integrated. The integrated current (i. e., 
charge) was recorded. The lancing procedure and data collection were repeated 
four times per volunteer. All 28 lancing procedures resulted in blood filling the 
multiple-layer element in less than 40 seconds. The average time required to fill 
the multiple-layer element was 7 seconds. FIG. 30 shows the average charge of 
the four trials as a function of the level of glucose in the blood of each volunteer. 
The level of glucose was determined by withdrawing blood from a finger and 
measuring the level of glucose on a YSI 2300 Glucose analyzer. The charge 
increased linearly with the level of glucose in the blood of the volunteer. The 
volunteers were asked to rate the pain of the forearm lancet. The pain of the 
forearm lancet was found to be lower than the pain of the finger lancet, as shown in 
FIG. 31. 
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Example 9 

Multiple-layer elements comprising the following layers, from top to bottom 
were prepared: • * 

(1) meter-contactable layer 

(2) detecting layer 

(3) overcoat layer 

(4) blood-transporting layer 

(5) covering layer 

The arrangement of the layers is shown schematically in FIGS 21A and21B 
However, the overcoat layer is substantially coplanar with the blood-transportina 
layer as shown in FIG. 28. The meter-contactable layer 1 1 14 was about 5 5 mm 
wide and about 40 mm long. The meter-contactable layer was made from 
polyester. A 2.0 mm diameter opening was punched in the meter-contactable 
layer. The detecting layer 1 1 10 was screen printed on the meter-contactable layer 
Across the opening in the meter : cpntactable layer was placed a layer of mesh 
which served as the blood-transporting layer 1108. The mesh was the mesh ' 
previously identified as NY151 HC. A section of the mesh (1.5 mm in diameter) 
was punched out by means of a hole punch. See FIG. 25. The detecting layer 
1 1 1 0 was the type of detecting layer described in U. S. Patent No. 5,682 884 The 
overcoat layer 1 123 was screen printed about the periphery of the layer of mesh 
The covenng layer 1 1 02 was about 5.5 mm wide and somewhat shorter than the 

^ S ° that *"»** Hioa of the detecting layer 

1110would be exposed. The covering layer was made from polyester. A2.5mm 
by 3.7 mm oval opening in the covering layer was punched prior to assembly of the 
multiple-layer element.; 

oqa m " w ^yer^ was placed in the apparatus as shown in FIGS. 

ntrlf n ' ? ' ^ A VapUUm ° f " 7 ' 5 0Si9 ~ a PP ,,ed - The apparatus was 
placed ,n contact wrth the forearm of a volunteer. SeeFIG.29A Theskinofthe 

"Ik f ^ ^ ' ^ UP in, ° the n ° Sepiece ' » he ' e » near to or 
29B aT 1 6 C0V6rin9 ^ 1102 ° f th6 element. See FIG 

th stan bv mLTT ^ 15960 ^ ^ SBCOndS ' th9 » ancet was 
he stan ,1, means ; of a pneumatic fencing assembly of the type shown in FIGS. 1 1 

12 .13, and 14. The lancet passed through the opening 11 16 in the meter- 
contactable layer 1114 and the opening 1104 in the covering layer 1102 See FIG 
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29C. The lancet was retracted and blood began to emerge from the forearm of the 
volunteer. The Vacuum aided in the extraction of blood until the blood reached the 
mesh 1108. See.FIG. 29D: The blood was then transported along the mesh until it 
reachedthe detecting layer 1110 of the multiple-layer element When the blood 
reached the detecting layer of the multiple-layer element, an electrical current was 
generated. This cunent was used to determine when to release the vacuum. 

Fight volunteers were tested as described in the previous paragraph. The 
time required for the multiple-layer element to fill after the lancing operation was 
recorded. The multiple-layer element was considered to be filled when a current of 
1 5 uA was generated. The vacuum was then released and the integrated current 
was recorded. The lancing procedure and data collection were repeated four times 
per volunteer. BJood filled the multiple-layer element in less than 40 seconds for 
97% of the tests. The average time required to fill the multiple-layer element was 
15,9 seconds. 



Example 10 



MURiple-layer elements comprising the following layers, from top to bottom, 
were prepared: 

(1) meter-contactable layer 

(2) detecting layer 

(3) overcoat layer 

(4) blood-transporting layer 

(5) covering layer 

The arrangement of the layers is shown schematically in FIGS. 21 A and 21 B. 
However; the overcoat layer is substantially coplanar with the blood^transportirtg 
layer as shown in FIG. 28. The meter-contactable layer 1 1 14 was about 5.5 mm 
wide and about 40 mm long. The meter-contactable layer was made from 
polyester. Two types of meter-contactable layers were prepared. In the first type, 
one opening was punched in the meter-contactable layer. This opening had a 
diameter of 2.0 mm. No mesh was placed across this opening. SeeFlG.26B. In 
the second type, two openings were punched in the meter-contactable layer. One 
opening had a diameter of 2.0 mm. The other opening had a diameter of 1.5 mm. 
The second opening was located 2 mm from the first opening. See FIG. 26A. The 
detecting layer 1 1 10 was screen printed on the meter-contactable layer. Across 
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the. 15 mm opening in i he meter-contactable layer was placed a layer of mean 
wh,ch served as the bloed-iransporting bye, tm The mesh was the mesh 
prev^ousry ldemHiedasNYtsI HC. The de,e* B byer 1110 wasthe ^ 
detecbng layer described in U. S. Patent No. 5,682,884. The <h*rcoaZe r 11» 
w^saeen pdnted about the periphe.y 61 the layer of mesh. The cvj, .aVef 

102 was about 5.5 mm wide and somewhat shorter than the meter-contSe 
layer so that the electrical contacts 1 110a of Ihe detecting layer 1110 *^ 
exposed. Theoovertnglayerwasmadelrompotyeste, IZ^^L 
opening ,„ ,he covenng b yer was punned pnor ,o assembly o, the muHiple^ 

29A, 29B, 29C, and 29D. A vacuum of -7.5 pslg was applied. The apparalus was 
Placed in contact wHh the forearm of a volunteer. See FIG. 29A. The ^HlT 
loream, was snatched and it raised up into ,he nosepiece. where it came nealt or 

29B. Alter the vacuum had been applied to, live seconds, me lancet was .red into 
«» stan by means of a pneumatic laaoe, assembly. This pneumatic lance, 
assembly was the assembly shown in FIGS. 16 and 17 ■ 

r»*J£ T 01 PaSS ° d ,hr0,,Bh ' h ° 2X3 mm " 1 « "> the meter- 

zTT^anT 1,14 r d,h " OPenlnfl 1104 ,hB "** *trl1*i- See FIG. 
29a The lancet was retracted and Wood began to emerge from the forearm of the 
voteeer. See FIG. 290. As quickly as possibte,, he rnJli^yereTmem^ 
Z*%T*V <™»*° eJhoa.cortaI.1T 

46C. The movement of the multiple-layer element caused Ihe site of the openSvi In 

TXJT ^^ '"to-™***** "ayor having two opLrtJ, » „ as 
exlraction olbtood until the blood reached the mesh 1 1 08. The blood was then 

Z etmem r* ""*"' t,8t9C " n9 teye ' 1 1,0 • 

oyer etement, an electrical current was generated. This current was used to 

determine when to release the vacuum. m was used io 

oaran mlT T^ 3 *' 110 VOlumeras we ' e » described in the previous 

paragraph. Each votaeer was lested with each type o. mullipie-layer element 

was ,ZZ"T ' r : U * P ' B " ,aVBr ^ '° " ^ ' h8 ^ 
was recorded. The mufcple-layer elemenl was censidered to be filled when a 
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current of 1.5 uA was generated. The vacuum was then released. The lancing 
procedure and data collection were repeated eight times per volunteer per 
element. Blood filled the multiple-layer element having one opening in the meter- 
contactable layer in less than 40 seconds for 95% of the tests. Blood filled the 
multiple-layer element having two openings in the meter-contactable layer in less 
than 40 seconds for 96% of the tests. The average time required to fill the multiple- 
layer element haying two openings in the meter-contactable layer was 14 seconds. 
The average time required to fill the multiple-layer element having one opening in 
the meter-contactable layer was 11 seconds. 

Example 11 

This example illustrates the effect of the size and the shape of the nosepiece 
upon the volume of blood extracted. 

Each of 21 volunteers was tested thirty times in the dorsal forearm by a 
modified MediSense lancing assembly employing a "BD ULTRA-FINE" lancet 
(Bectorv-Dickinson). The MediSense lancing assembly had been modified with a 
port to allow a vacuum to effect suction through the lancing assembly. The 
nosepieces tested in this example were screwed onto the body of a MediSense 
lancing assembly in place of the conventional nosepiece. Vacuum (-7.5 psig) was 
applied for 10 seconds prior to lancing. After lancing, blood was collected for 30 
seconds at -7.5 psig. The same nosepiece that was used prior to lancing was used 
for blood collection. The openings formed in the skin had a depth of 1.6 mm. 

Fifteen different nosepiece assemblies Were evaluated. These assemblies 
are shown in FIG. 33. The diameter of the opening in the lower base of the 
nosepiece (see line "ef in FIG. 32) varied from 9.53 to 1 9.05 mm. The diameter of 
the opening in the tower base of the nosepiece for nosepiece assemblies 1, 2, and 
3 was 9.53 mm. The diameter of the opening in the lower base of the nosepiece for 
nosepiece assemblies 4, 5, 6, and 7 was 12.70 mm. The diameter of the opening 
in the tower base of the nosepiece tor nosepiece assemblies 8, 9, 10, and 1 1 was 
1 5.88 mm. The diameter of the opening in the lower base of the nosepiece for 
nosepiece assemblies 12, 13, 14, and 15 was 19.05 mm. The rim-to-seal 
distances for the nosepieces (see line "bg" in FIG. 32) varied from 1 .6 mm to 6.0 
mm. The rim-to-seal distance for nosepieces 1 , 4, 8, and 1 2 was 1 .6 mm. The rim- 
to-seal distance for nosepieces 2, 5, 9, and 1 3 was 3.0 mm. The rim-to-seal 
distance tor nosepieces 3, 6, 10, and 14 was 4.5 mm. The rim-to-seal distance tor 
nosepieces 7,11, and 1 5 was 6.0 mm. 
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The nosepieces shown in FIG. 33 had seals made from Buna N rubber. The 
thickness of the seals (see line "eh" In FIG. 32) was 1 ,6 mm and the width of the 
^ -rface (see line "hf in FIG. 32) was 3.1 mm. The ndsepieces had vertical 

Two tests were conducted per nosepiece assembly per volunteer - Blood 
was collected into capillary tubes. The amount of blood collected was determined 
by measunng the distance the blood travelled into the tube. The averape aTuT 
of Wood coltected for each of the fifteen assemblies and the pJSJ IT 
collections in which the amount of blood exceeded 1 .0 pL was calculated The 
results are set forth in TABLE VII; ; 6 



TABLE VII 




™„Tr? b,00d ro " eC, * d and *» rentage of collections exceeding 1 pL 
were both affected by the diameter of the opening in the lower base of the 

volume of blood collected were seen with nosepiece assemblies 6 and 7. 
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Fxample 12 

This example illustrates the effect of tapering the interior wall of the 
nosepieee upon the time to draw blood from a person. 

Glucose detectors in the form of multiple-layer elements comprising the 
following layers, from top to bottom, were prepared: 

(1) meter-contactable layer 

(2) detecting layer 

(3) overcoat layer 

(4) Wood-transporting layer 

(5) covering layer 

The arrangement of the layers is shown schematically in FIGS. 21 A and 21 B. 
However, the overcoat layer is substantially coplanar with the blood-transporting 
layer as shown in FIG. 28. 

The use of a nosepieee with a detector is shown in FIGS. 34A, 34B, 34C, 
and 34D. The detector 1302 was placed below the lancirtg assembly 1304 with the 
openings in the detector aligned with the lancet 1 306, The detector 1302 was 
placed between a lancet stop 1308 that contained an opening 1309 (shown in 
phantom) and a nosepieee assembly 1310. The nosepieee assembly included a 
nosepieee 131 1 and a seal 1 31 2 that contacted the skin "S\ The lancing 
assembly 1304 prior to the application of vacuum is shown in FIG, 34A. The 
nosepieee assembly was placed against the forearm of a volunteer. After 
application of vacuum (-7.5 psig), the skin was stretched up near to or into contact 
with the detector as shown in FIG. 34B. The vacuum was applied for a sufficient 
amount of time (5 seconds) to cause the blood in the skin inside the nosepieee to 
pool The lancet was then fired through the openings in the lancet stop and the 
detector* as shown in FIG. 34C. The lancet penetrated the skin. The lancet was 
then retracted as shown in FIG. 34D. The blood emerged from the opening formed 
in the skin, assisted by the vacuum and the stretching of the skin. The vacuum 
aided in the extraction of blood until the blood reached the blood-transporting 
layer. The blood "B" was then transported along the blood-transporting layer until it 
reached the detecting layer of the multiple-layer element. When the blood reached 
the detecting layer of the multiple-layer element, an electrical current was 
generated. This current was used to determine when to release the vacuum, and 
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the skin came away from the nosepiece. The detector could then be used to 
analyze the blood for an analyte such as glucose. 

It should be noted that the lancet stop Is optional. The detector Itself can be 
used to stop the lancet. If the detector is used to stop the lancet, the thickness of 
he detector Is Important, because it will determine the depth of penetration of the 

The type of multiplexer element used In this example had one obenino in 
the meter,contactable layer, as shown in FIGS. 21A and 21 B. 

. Rve Varletlt * of "^Pieces were used in this example. These nosepieces 
are shown ,n cross-section in FIG. 35. The nosepieces varied in the areas of the 
opemngin the upper base, and the distance from the lower base at which tapering 
of the .nterior wall began. The diameters »d' of the openings in the upper b2e for 
each nosepiece was as follows: 



Nosepiece 


Diameter of opening in 
upper base (mm) 


A 


12.7 


B 


3 


c . 


6 


D 


3 


"'• E ■ "• 


6 



^ZtT^T (S88 " b9 " F,a 45 ™.a"dihe diameter ollne 
opening in the lower base ol the nosepiece (see Hne "er in FIG. 32) 12 7 mm was 
tte same for all live nosepieces. The nosepiece assemblies shown/in fig. as had 
seals made uom Buna N rubber. 40A durometor hardness. thethicKnessof the 
*** : (see to -eh- in FIG. 32) was 1.6 mm, and the width ol the scaling surface 
(see line hj in FIG. 32) was 3.1 mm 

,»«^ f!?!! , WMee,SW8reteS, ^ M<tesc ' ibedabllV8 - Eech volunteer was 
tested 10 times with nosepiece A and four times with each ol the remaining 

ZTT™ * °- ^ E " F,G - 35 " Th9 «™"*>*ed for the multiple-layer 
eternem ,o fill was .eoorded. Tne element was ronside , ea flfcd "V ^ 

refeZ, T' 65 W """^ *"* The ~ ™ >»en 
releaseo. The average lime required to reach 1.5 pA lor each nosepiece was 
cabled ^ „ ^ ,„ ^ 3g ^ ^ ^ 

upper base, the less time was required to till the detector 
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Example IS 

This example illustrates the effect of taperingthe interior wall of the 
nosepiece upon the time to draw blood and the success of drawing blood from a 
volunteer from whom drawing blood was typically difficult. 

The experiment was conducted as described in Example 1 2 with the 
following exceptions. Only nosepieces having the configurations of nosepieces A 
and B were used in the example. The diameter of the opening in the upper base 
on nosepiece B was four millimeters instead of the three millimeter opening used in 
Example 12. The volunteer was tested 10 times using nosepiece A. The volunteer 
was also tested 1 Q times with nosepiece B, The average time required to fill the 
multiple-layer element was calculated for elements that filled in 40 seconds or less 
and is shown in FIG. 37. The percentage of multiple-layer elements that filled in 40 
seconds or less was calculated and is shown In FIG. 38. 

The nosepiece having the opening in the upper base haying a diameter of 
less than the diameter of the opening in the lower base, nosepiece B, filled in less 
than half the time requireid by a nosepiece where the diameter of the opening in the 
upper base was equal to the diameter of the opening in the lower base, nosepiece 
A. The percentage of multiple-layer elements that were filled in under 40 seconds 
was significantly improved for nosepiece B, as compared with nosepiece A. 

This example illustrates the effect of the shape of the opening in the upper 
base upon the time required to draw blood from a person. 

Glucose detectors in the form of muHSple-layer elements comprising 
the following layers, from top to bottom, were prepared: 

(1) meter-contactable layer 

(2) detecting layer 

(3) overcoat layer 

(4) blood-transporting layer 

(5) covering layer 
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The arrangement of the layers is shown schematically in FIGS 21A and 21B 
However, the overcoat layer is substantially coplanar with the blood-transportina 
layer as shown in FIG. 28. waning 

The use of a noseplece with a detector is shown in FIGS 34A 34B 34C 
and 34D. The detector 1302 was placed below the lancing assembly 1304 with the 
openings in the detector aligned with the lancet 1306. The detector 1302 was 
placed between a lancet stop 1308 that contained an opening 1309 (shown in 
phantom) and a nosepiece assembly 1310. The nosepiece assembly 1 31 n 
ncluded a noseplece 1311 and a seal 13i 2 that contacted the skin "S" The 
lancing assembly 1304 prior to the application of vacuum is shown in FIG 34A 
The nosepiece assembly 1304 was placed against the forearm of a volunteer After 
app,,cat,on of vacuum (-7.5 psig), the skin was stretched up near to or into contart 
wrth the detector as shown in FIG. 34B. The vacuum was applied for a sufficient 
amount of time (5 seconds) to cause the blood in the skin inside the nosepiece to 
pool- Thelancet was then fired through the openings in the lancet stop and the 
detector, as shown in FIG. 34C. The lancet penetrated the skin. The lancet was 
hen retracted as shown in FIG. 34D: The btood emerged Irom the opening formed 
m the sk,n ass^ bv the yac^. 9 nd the ^cWng of the skin. As£4aT 
awTv £ ,h m " WpMayer etemenl ^ Woximatefy 2 mm in the direction 
away from he electncal contacts. This type of m ovement is more fulty described in 

*£2T IT' " A thr0 ° 9h 46G - ^ ^ a * d in «* -traction of 
blood unt,l I the blood reached the blood-transporting layer. The blood "B" Was then 

transported along the blood-transporting layer until it reached the detecting layer of 
the mun,p.e-.ayer element. When the blood reached the detecting teyer of the 
muibp^layer etement. an electrical current was generated. This current was used 
to determme when to release the vacuum, and the skin came away from the 
nosep,ece : The detector could then be used to analyze the blood for an anaiyte 
such as glupose. • 

to * tha, t,)e ,anCet sl0 P js The detector can be used 

to stop the lancet, if the detector is used to stop the lancet, the thickness of the 
detector is .mportant, because it will determine the depth of penetration of the 

th. m J h9tyPe ^ multl P ,e -' ayer dement used in this example had two openings in 
the meter-contactable layer, as shown in FIG. 26A 

A pneumatic lancing assembly was used to fire the lancet. The pneumatic 
lancmg assembly was the type of lancing assembty described in F.GsTe an^. 
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Five variations of riosepiece assemblies were used in this example. They 
are shown in top view and cross section in FIG, 39, The nosepieces varied in the 
depth of the rim (see line tt ab" in FIG. 32) and the shape of the opening in the upper 
base. The rinrto-seal distance plus the depth of the rim, 4.0 mm, (see line *bg" plus 
line "ab w in FIG, 32) and the diameter of the opening in the lower base of the 
nosepieee, 12.7 mm, (see fine *eF in FIG. 32) was the same for aH five nosepieces. 

Eight volunteers were tested on the dorsal forearm as described above. 
Each volunteer was tested four times with each of the five nosepieces, for a total of 
20 tests per volunteer. The time for the detector to fill after lancing was recorded 
The detector was considered filled when a current of 1,5 pA was generated. The 
vacuum was then released. The average time required to reach a current of 1.5 nA 
for the five nose^eros was calculated and is shown in TABLE VIII. 



TABLE VIII 



Nosepieee 


Depth of rim (mm) 


Shape of opening 
in upper base 


Average time to 
reach 1.5 pA (sec) 


i A 


0.38 


Circle. 


7.6 


B 


0.76 


Circle 


11.6 


C . 


0.76 


•Circle 


13.5 


D 


0.76 


Oval 


8.6 


E 


1.3 


Oval 


12.6 



The nosepieces as shown in FIG. 39 had seals made from Buna N rubber, 40A 
durometer. The thickness of the seal (see line "eh n in FIG. 32) was 1 .6 mm and the 
width of the sealing surface (see line "hj" in FIG; 32) was 3.1 mm. 

For a given opening shape, the nosepieces having rims of lower depth 
required less time to fill the detector than did those nosepieces having rims of 
greater depth. For a given depth of rim, the nosepieces having oval rim openings 
required less time to fill the detector than did nosepieces having circular rim 
openings. 

Example 15 

This example illustrates the effect of different sealing materials upon the 
ability to form a good vacuum seal to a hairy arm. 
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Seals were punched out Irani sheets of different sealing materials The 
eight materials used ere listed in TABLE IX The seals, which were circuiar in 
shape, had a sealing surface width (see line "hf- in FIG. 32) of 3.1 mm Each seal 
was uten utilzed in a noseplece. as shown in FIG. 32 . The seate were *5St 

1 IT T° T nosepiecB * ,reans °' Tl » ***** <™2 

nm to the tower base „, noseplece poor to attachment of the seat was 1 5 £ 
After the attachment of the seal, the nro-to-seal distance of the hosepiecewasf 
vartable due to the ditleronces in the thickness el the seal. "^^^ 
A vacuum port was attached to the riosepiece to allow a vacuum *™ ,r~> . 
effectsu^nthroughthenosepece. An a.r te w meter (aJ^W 
Anzona, Mode ^OOSCCM-D-S-A, was attached befcraen ,he vacuu^oum* 

we,ght of the noseplece and holder was 230 grams. A male volunteer who had 
more h*„ on his dorsal forearm than did the average male population was chosen 
The volunteer ptaced his arm agamst the seal of the nosepiece so aato^ngZ' 
full weight of the nosepiece and holder against the arm. The purpose of ,h"s 
appamtus was to provide a constant pressure. A vacuum of -8 pskj was applied 
The ab*yo, the seatto sea. to the skin was measured by the amtS aXSng 

cem!^r P ' " mea5U,6d b/ * *' " W me,e ' in ,he u * of stendara cubte 
^meters par mrnuta (SCCM). The measurement's repeated at a tota! of 20 
bcebons on the volunteer's forearm for each of the seat types. The averse 
totem rate a, the twemy toream, sHes tor each o, the seTmatenaisTs^L in 

40 sc™ ^r^r' 5 W6re *"**"* °* limilin9 ,he leakage rate to below 

40 SCCM on the volunteer. The leakage rate is important because the size of the 
va«™n pump required is direaly proportional to the leakage rata ,„ ad*Ln a 
used^ata^T * esu '* ''"■Pfdfed battery We.: A smalt vacuum pump can be 

ZTr. m 'T e ^ m ^ mP>S ^ MlhaaVa,labte '"«lT-Squa re d 

otu S Sw» n hT° m ' >ani '' NU,tey ' ^ ""• haVln, " he ™*« T2-03 08.004, to 
be used wrth the apparatus. The low leakage rates obtained with the seal 

sktn to ach,eve a good seal are not needed. Other methods to attach the 

Z^ 0,he *" tofo,roaVaaJUmMa,are '»'P~ AnndhoLisno, 
Ptetened because it win make the nosepiece assembly difficult to rem^TZT 
can cause pain ,„ the user when the sea, is removed. Grease i no~^f 
because it win leave a, esidue after the test is complete 
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IABLEJX 



Seal no. 


Materia) 


Manufacturer / Supplier 


Thickness 
(mm) 


1 

s • 


silicone rubber, 

%J\Jr\ ULJIV-/I llCld 


McMaster Carr, #8632K921 


1.6 


6 


neoprene/SBR/EP 
um Dieno toam 


JessupMfg. 


3.2 


12 


silicons ruDDer 


unxnown 


I.D • 


16 


neoprene, 5-1 OA 
□urometer 


McMaster Carr, #8639K512 


1.6 


17 


Buna-N rubber, 
40A durometer 


McMaster Carr, #86715K102 


1.6 


32 


cblorihated 
polyisoprene 


Ashland Rubber, #90-5271 


1.9 


35 


neoprene 


Pres-On Corp., #p-8100 


3.2 


41 


rubber 


Standard Rubber Company, 
#4119M/SCE-41 


1.6 



Eygrpple 1Q 

This example illustrates the (Blfect of different sealing materiais upon the 
amount of blood extracted from a person. 

Each of four volunteers was tested 32 times in the dorsal forearm by a 
modified MediSense lancing assembly employing a n BD ULTRA-FINE" lancet. The 
MediSense lancing assembly had been modified with a port to allow a vacuum to 
effect suction through the lancing assembly. The nosepieces tested in this 
example were screwed onto the body of a MediSense lancing assembly in place of 
the conventional nosepiece. Vacuum (-7.5 psig) was applied for five seconds prior 
to lancing. Blood was collected after lancing for 30 seconds at -7.5 psig using the 
same nosepiece as was used prior to lancing. The depth setting of the lancet was 
1.6 mm. Eight different nosepiece assemblies were evaluated. Four tests were 
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wnductedpsrnosepiece assembly per volunteer. Blood was collected intn 
capillary tubes. The amount of blood collected was determinpH h! 
length*, blood In the tube. ^^^£2^ 
eight nosepiece assemblies Is shown In FIG. 41. eaCh 0,the 

For the eight different noseplece assembliP<: thoHi^ » , _ 
the lower base (see line "ef In FIG 32) w2 irt lm* K f * ^ * 
the upper base (see Hne "cd" in RG 321 H i f ^ ^ ° f "* ° Penfn ° »" 
line »bg» in FIG 32) was 3 mm Zth I ^ ** d '^e (see 

the nosepiece seal and the thickness of the seaT The ^! * ena ' Msed *» 
materia, and thicknesses thereof are I. l^LE X « 



Nosepiece 
no. 



Manufacturer/Supplier 



sorbothane, siliconized 



6 


neoprene, 5-1 OA 




durometer 


7 


closed cell foam 


8 


neoprene/SBR/EPDM 




blend foam 



Sorobothane Inc., siliconized 

by Applied Membrane 
Technolot 

McMaster Carr, #B639K512 



Thickness 
him) 





1.6 



1.6 
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Rcample 17 

This example illustrates the effect of using a novel seal upon the time 
required to extract blood from a person. 

Glucose detectors in the form of multiple-layer elements comprising the 
following layers, from top to bottom, were prepared: 

(1) mOter-contactable layer 

(2) detecting layer 

(3) overcoat layer 

(4) blood-transporting layer 

(5) covering layer 

The arrangement of the layers is shown schematically in FIG. 21 A and 21 B. 
However* the Overcoat layer is substantially coplanar with the bloocMransporting 
layer as shown in FIG. 28. 

The use of a nosepiece with a detector is shown in FIGS. 34A> 34B, 34C, 
and 34D the detector 1302 was placed below the lancing assembly 1304 with the 
openings in the detector aligned with the lancet 1306. The detector 1302 was 
placed between a lancet stop 1308 that contained an opening 1309 (shown in 
phantom) and a nosepiece assembly 1310. The nosepiece assembly 1310 
included a nosepiece 1311 arid a seal 1312 that contacted the skin "S". The 
lancing assembly 1304 prior to the application of vacuum is shown in FIG. 34A. 
The nosepiece assembly was placed against the forearm of a volunteer. After 
application of vacuum {-7.5 psig), the skin was stretched up near to or into contact 
with thedetector as shown in FIG. 34B. The vacuum was applied for a sufficient 
amount of time (5 seconds) to cause the blood in the skin inside the nosepiece to 
pooL The lancet was then fired through the openings in the lancet stop and the 
detector, as shown in FIG. 34C. The lancet penetrated the skin. Thelancetwas 
then retracted, as shown in FIG. 34D. The blood emerged from the opening formed 
in the skin, assisted by the vacuum and the stretching of the skin. The vacuum 
aided in the extraction of blood until the blood reached the blood-transporting 
layer. The blood "B" was then transported along the btoocMransporting layer until it 
reached the detecting layer of the multiple-layer element. When the blood reached 
the detecting layer of the multiple-layer element, an electrical current was 
generated. This current was used to determine when to release the vacuum, and 
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the skin came away from the nosepiece. The detector could then be used to 
analyze the blood for an analyte such as glucose. 

It should be noted that the lancet stop is optional. The detector itself can be 
used to stop the lancet. If the detector is used to stop the lancet, the thickness of 
the detector is important, because it will determine the depth of penetration of the 
lancet. ... 

A pneumatic lancing assembly was used to fire the lancet. The pneumatic 
lancing assembly was the type of lancing assembly described in FIGS. 11,12 13 
and 14. ' ■ '. 

The type of multiple-layer element used in this example had one opening in 
the meter-contactable layer, as shown in FIGS. 21A and 21 B. ; 

Two nosepiece assembly variations were used in this example. The size 

and structure of both nosepieces in the nosepiece assemblies were the same as 

that of nosepiece B of FIG. 35, with the exception that the diameter of the opening 

in the upper base was increased to 4 mm. One nosepiece had a planar Buna N 

seal, 40 durometer (see FIG. 32). The other nosepiece had a seal of the type 

shown in FIGS, 21A and 21B in cross section, referred to hereinafter as a flex seal 

The flex seal contacts a larger area of skin then does a planar seal. The flex seal 

can then cause more skin to be brought into the internal space of the nosepiece 

when vacuum is applied than can a planar seal. The flex seal was made out of a 
silicone, 40A durometer. 

The flex seal 3020 can be attached to the nosepiece 3022 by a mechanical 
attachment 3024 or by an adhesive. The portion 3026 of the flex seal that is not 
attached to the nosepiece 3022 Is capable of moving between a first position as 
shown in FIG. 42A, and a second position, as shown in FIG. 42B. In the first 
position, the unattached portion 3026 of the flex seal 3020 depends from the lower 
base 3028 of the nosepiece 3022 as shown in FIGS. 42A. In the second position 
the unattached portion 3026 of the flex seal 3020 contacts the lower base 3028 of 
the nosepiece 3022 such that one major surface of the unattached portion of the 
seal ,s in face-to-face contact with the lower base 3028 of the nosepiece as shown 
inFIG.42B. The flex seal is made of a material having a coefficient of friction that 
reduces the tendency of skin in contact with it to sfide. The seal should be 
sufficiently flexible so that it can move between the first position and the second 
Position and sufficiently stiff to hold the skin in an immovable position. The opening 
3030 , n the flex seal has an area greater than the area of the opening 3032 in the 
lower base 3028 of the nosepiece 3022, when the flex seal is in the first posrtion 
as shown in FIG. 42A. ' " 
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In operation, the Ilex seal, is placed against the skin W S" of the patient The 
area of skin contacted by the flex seal is greater than the area of the opening in the 
lower base of the nosepiece. Consequently, the volume of skin lifted into the 
nosepiece is greater than the volume of skin that would have been lifted into the 
nosepiece with a planar seal. Thus, the flex seal would be beneficial for a patient 
having below normal skin i flexibility. 

Eight volunteers were tested on the dorsal forearm substantially in the 
manner described previously. In the previous examples, the nosepiece assembly 
was manipulated by moving it from side to side or toward and away from the skin. 
In this example, the nosepiece assembly was not moved after it was placed against 
the skin. Each volunteer was tested eight times using the planar seal and flex seal 
configurations for a total of 1 6 tests per volunteer. The time to fill the detector after 
lancing was recorded. The detector was considered filled when a current of 1.5 jiA 
was generated. The vacuum was then released. The average time required for the 
current to reach 1.5 ]xA for the flex seal was 14.9 seconds and the average time 
required for the current to reach 1 .5 >A for the planar seat was 17^9 seconds. 

The nosepiece employing the flex seal required less time to fill the detector 
than did the nosepiece employing a plariar seal. Moreover, manipulation of the 
nosepiece assembly was eliminated. 

Example 18 

This example demonstrates that the device shown in RGS. 44A and 44B 
can be used successfully to obtain blood in quantities sufficient for analysis in an 
acceptably short amount of time. 

The blood collection device shown in FIGS. 44A and 44B was fitted with a 
"Bert on-Dickinson ULTRA-FINE" lancet in a pneumatic lancet assembly of the type 
illustrated in FIGS. 1 1-19. The blood collection device was also fitted with a 
glucose detector haying a 2.0 mm diameter opening covered with mesh. Twenty- 
nine human volunteers were used in this example, with the dorsal forearm of each 
volunteer subjected to two separate extraction procedures. For each procedure, 
the blood collection device was placed against the forearm of the volunteer and, 
after being exposed to a vacuum of approximately -7.5 psig for approximately 5 
seconds, each individual had his or her forearm (dorsal forearm) punctured. After 
the puncture, blood was collected and, when a sufficient amount of blood had been 
collected, the vacuum was released and the blood collection device was removed 
from the individual's skin. This process was repeated a total of two times for each 
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Individual. Prior to each extraction, a new lancet and glucose detector ^ r„ , 
into the btood collection device. ° 9'^e detector were fitted 

The time for the glucob detector to ^ 
analysis was recorded. The glucose detector was considered ,aSl 
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TAPLEXI 





trial 1, Collection Time I 


Trial 2, Collection Time I 


Volunteer 


(sec) I 


(sec) . I 


1 


3.9 I 


>40 


2 • 


13.2 | 


" ' 14.1 I 


3 


1.2 I 


2.5 


4 


34.5 I 


9.8 


5 


0.7 


8.3 I 


6 


5 ; 




7 


0.7 I 


2.2 


8 


7.5 


3.7 j 


9 


• 3.8 | 


3.1 


10 


■17.9.' ' - . I 


3.5 


| • .-. .11 


■ 18 ' ' | 


19.3 


12 


6.7 _J 


7.9 


13 


18 


20.1 I 


14 


7.6 \ 


10.3 


I ' •'• 15 '•■ 


>40 


2.5 I 


16 


12 


>40 I 


17 


4.6 


I . 3.7 I 


18 


10.1 


' 17 I 


19 


5 


I 6.4 I 


20 


6 


23.9 I 


21 


12.7 


[ 8.8 I 


22 


15.7 


6.9 I 


23 


18 


6.2 | 


I 24 


7.7 


S 5.2 ! 


i 25 


6 


I Malfunction 


26 


13.5 


5.3 I 


27 


4.8 


L 6 - 6 • 


28 - 


3.7 


2.2 ] 


29 


1.6 


P 2,6 
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The data depicted in FIG. 47 shows that, for over 35% of the punctures 
sufficient blood was collected within five seconds to perform an analysis. With the 
exception of one glucose detector that malfunctioned (volunteer 25 trial 2) for 
approximately 95% of the punctures, the glucose detectors collected sufficient 
blood in 40 seconds or less for analysis. For the remaining punctures, the tests 
wera stopped after 40 seconds. With respect to those punctures- for which sufficient 
blood was collected in 40 seconds or less, the average time to collect sufficient 
blood was 8.2 seconds. 

Example 19 

This example demonstrates that the device shown in FIGS. 43A through 43C 
can be successfully used to obtain blood in quantities sufficient for analysis in an 
acceptably short amount of time. 

a "BD ULTriA^ shown in FIGS. 43A through 43C was fitted with 

, B q D t ^ a pneUma,IC lancet ^bly of ,he type illustrated In 

FIGS. 11-19. The blood collection device was also fitted with a glucose detector 
navmg a 2.0 mm diameter opening covered with mesh. Rfteen human volunteers 
were used .n this example, with the dorsal forearm of each volunteer subjected to 
four separate extraction procedures. For each procedure, the blood collection. 
dev.ce was placed against the forearm of the volunteer and, after being exposed to 
a vacuum of approximately -7.5 psig for appmximately 5 seconds, each individual 
had h.s or her forearm (dorsal forearm) punctured. After the puncture, blood was 
collected and, when a sufficient amount of blood had been collected, the vacuum 
was released and the blood collection device was removed from the individual's 
sklrL This process was repeated a total of four times for each individual. Priorto 
each extraction, a new lancet and glucose detector Were fitted Into the blood 
collection device. 

^ The time for the glucose detector to collect sufficient blood to perform an 
analys.s was recorded. The glucose detector was considered to have collected 
suffiaent btood when a current of 1:5 pA was generated. Blood collection results 
are set forth in FIG. 48. 

The data depicted in FIG. 48 show that, for approximately 45% of the 
punctures, sufficient blood was collected within five seconds to perform an 

s a uffiSn, ^hTT^ 97% 01 PUnCtUreS ' ,he 9 ,ucose co'^ed 
sufficient blood m 40 seconds or less for analysis. For the remaining punctures the 

tests were stopped after 40 seconds. With respect to those punctures for which 



WO 98/24366 



FCTAJS97/22618 



98 

sufficient blood was collected in 40 seconds or less, the average time to collect 
sufficient blood was 7.0 seconds. 

Example 20 

This example demonstrates that the device shown in FIGS. 45A through 45E 
can be successfully used to obtain blood in quantities sufficient tor analysis in an 
acceptably short amount of time. 

The blood collection device shown in FIGS. 45 A through 45E was fitted with 
a 'BD ULTRA-FINE" lancet in a pneumatic lancet assembly of the type illustrated in 
FIGS. 11-19. The blood collection device was also fitted with a glucose detector 
having a 2.0 mm diameter semi-drcular notch covered with mesh at one end of the 
detector. Twenty-nine human volunteers were used in this example, with the 
dorsal forearm of each volunteer subjected to two separate extraction procedures. 
For each procedure, the blood collection device was placed against thie forearm of 
the volunteer and, after being exposed to a vacuum of approximately -7.5 psig for 
approximately 5 seconds, each individual had his or her forearm (dorsal forearm) 
punctured. Fifty milliseconds after the lancet was triggered, the movable projection 
was triggered and the glucose detector was moved nearer the lanced opening in 
the Individual's skin. After the puncture, blood was collected and, when a sufficient 
amount of blood had been collected, the vacuum was released and the blood 
collection device was removed from the individual's skm. This process was 
repeated a total of two times for each individual. Prior to each extraction, a new 
lancet and glucose detector were fitted into the blood collection device. 

The time for the glucose detector to collect sufficient blood to perform an 
analysis was recorded The glucose detector was considered to have collected 
sufficient blood when a current of 1.5 nA was generated. Blood collection results 
are set forth In FIG. 49. 

The data depicted in FIG. 49 show that for over 55% of the punctures, 
sufficient blood was collected within 5 seconds to perform an analysis. Two of the 
glucose detectors did riot exceed the trigger current of 1.5 *iA due to hardware or 
software problems. Two of the glucose detectors did not move due to an unknown 
problem and did not contact the skin. Excluding these four punctures, for 91% of 
the remaining punctures, the glucose detectors collected sufficient blood in 40 
seconds or less for analysis. For the remaining punctures, the tests were stopped 
after 40 seconds. With respect to those punctures for which sufficient blood was 
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±S 40 ~ °' teSS ' "»*"»••*• * ^n, b-ccd was 6.8 

Various modifications and alterations of this invention win 

'nvonton. and it should bo understood that .his ImmStolTZ 

to the M embodiments set forth he,! * * Bmi,ed 
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What is claimed is: 

1. A method for obtaining a sample of blood for a diagnostic test, said 
method comprising the steps of: 

(a) forming an unobstructed, opening in an area of skin from which said 

sample is to be extracted; 

(b) extracting said sample from said unobstructed opening in said area of 
said skin, with the aid of vacuum and stretching of the skin. 

2. The method of claim 1, wherein said diagnostic test is a test to 
determine the concentration of glucose in blood. 

3. The method of claim 1, further comprising the step of increasing the 
availability of blood to said area of said skin from which said sample Is to be 
extracted prior to forming said opening in said area of said skin from which said 
sample is to be extracted. 

4. The method of claim 3, wherein a vacuum is used to increase the 
availability of blood to said area of said skin from which said sample is to be 
extracted prior to forming said opening in said area of said skin from which said 
sample is to be extracted, 

5. The method of claim 4, wherein stretching is used to increase the 
availability of blood to said area of said skin from which said sample is to be 
extracted prior to forming said opening in said area of said skin from which said 
sample is to be extracted. 

6. The method of claim 3, wherein heat is used to increase the 
availability of blood to said area of said skin from which said sample is to be 
extracted prior to forming said opening in said area of said skin from which said 
sample is to be extracted, 

7. The method of claim 6, Wherein heat is used to increase the 
availability of blood to said area of said skin from which said sample is to be 
extracted prior to forming said opening in said area of said skin from.which said 
sample is to be extracted. 
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, rnm I J h * method of claim 1. wherein saidbpening in said area of sdd skin 
from wh.ch the sample is to be extracted is formed by a lancet 

vacuum! * ^ * ^ erelnsajd ,ancet * cocked by means of a 

vacuum 0 ' ^ - ^ 

mo 11 ; 7 he meth ° d ° f cym 1 ' whereln ^ extracted sample is analyzed bv 
means of a glucose detector, -nayzea oy 

reflectometer^ 9 ^ " ^ ^ 9 ' UC ° S * «mp,oys a 

biosensor. ^ Where,n said ^ detector employs a i 

danth method ^ dalm 8 - whe ^n said lancet penetrates said skin to a 

depth of no more than 1.6 mm. . . ~» won m a 

from which the Th sa lt h °? f H C,aim * ^ opertn ° in ■* art * - said skin 

rrom wwch the sample is to be extracted is formed by a laser. 

from Jl J" 9 m t° ' ^ Whereln ^ oP^ng ^ said area of said skin 

from which the sample ,s to be extracted is formed by a fluid jet. 

17. Themethod of claim 1, wherein said blood is obtained from a forearm. 

™1 J!" meth ° d ° f c,aim w ^rein said blood is obtained at a pain level 



-Pwer than that experienced when a finger is pierced by a 

a n a h, i 9 ' T aPParatUS t0t SUteb,e f ° r ° btainin 9 a sarnP'e of body fluid for 
analysis in a diagnostic test, said apparatus comprising- 

which sa! d san^T, ^ "T' " Un ° bStrUC,ed an area of skin "torn 

wincn saia sample is to be extracted; and 
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(b) a vacuum pump for extracting said sample from said unobstructed 
opening in said area of said skin. 

20. The apparatus of claim 1 9, further including a housing. 

21. The apparatus of claim 19, wherein said device for forming said 
unobstructed opening comprises a lancet disposed in a lancing assembly. 

22. The apparatus of claim 21 , wherein said lancing assembly comprises 
a nosepiece having a seal, whereby a vacuum can be formed through the lancing 
assembly by said vacuum pump. 

23. The apparatus of claim 19 wherein said lancet is capable of being 
retracted after it forms said unobstructed opening in said skin. 

24. The apparatus of claim 1 9, wherein said device for forming said 
unobstructed opening is a laser. 

25. The apparatus of claim 19 wherein said device for forming said 
unobstructed opening is a fluid jet. 

2$. The apparatus of claim 1 9, further comprising a heating element. 

27. The apparatus of claim 19, further comprising a glucose detector. 

28. The apparatus of claim 27, wherein said glucose detector is a 
biosensor. 

29. The apparatus of claim 27, wherein said glucose detector is a 
reflectometer. 

30. The apparatus of claim 22, wherein said vacuum is applied by a 
fixture having a major dimension ranging from about 2 mm to about 10 mm. 

31 . An assembly capable of providing an opening in skin of a patient by 
means of lancet, comprising: 
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(a) a holder for holding a lancet assembly; 

(b) a means for providing sufficient force to cause said holder to be 
maintained in a position whereby a lancet in said holder would be positioned away 
from the skin of said patient; and 

(c) a means for allowing a gas to provide sufficient force to 
overcome the force provided by said holder maintaining means., whereby said gas 
causes said holder to be moved to a position whereby a lancet in said holder 
would be able to pierce the skin of said patient. 

32. The assembly of claim 31 , further including a lancet assembly in said 
holder. 

33. the assembly of claim 31, wherein movement of said holder is 
brought about by means of said gas acting on a piston attached to said holder. 

34. The assembly of claim 33, wherein said holder maintaining means (b) 
is a piston biasing means. 

35. The assembly of claim 34, wherein said piston biasing means is a 
spring. 

36. The assembly of claim 34, wherein said piston biasing means is a 
bellows. 

37. The assembly of claim 31 , wherein said means (c) comprises a piston 
attached to said holder, said piston being disposed in a bore, said bore being 
capable of being opened to allow sufficient gas at sufficient pressure to enter to 
move said piston, whereby said holder is moved to said position whereby a lancet 
in said holder would be able to pierce the skin of said patient. 

38. The assembly of claim 37, wherein said means (c) comprises a vaiye 
having a first port, a second port, and a third port, said first port capable of 
communicating with a source of gas at a first pressure, said second port capable of 
communicating with said bore, said third port capable of communicating with a 
source of gas at a second pressure, said second pressure being lower than said 
first pressure. 
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39. The assembly of claim 37, further including a means for sealing said 

bore. 

40. The assembly of claim 39, wherein said sealing megns is an oaring. 

41 . The assembly of claim 39, wherein said sealing means is a bellows. 

42; The assembly of claim 39, wherein said sealing means is a 
diaphragm. 

43. The assembly of claim 31 , further including a piston, attached to said 
holder, which piston (1 ) travels in a first direction in a bore when gas at a first 
pressure enters said tore and said first pressure exceeds the pressure of igas in 
said bore prior to said entry of said gas at said first pressure and (2) travels in a 
second direction in said bore when said holder maintaining means (b) overcomes 
the force of gas acting on said piston in said bore. 

44. An assembly capable of holding a lancet assembly for providing an 
opening in sWn of a patient, comprising: 

(a) a housing having 

a bore having an axis; 
a valve fitted in a valve manifold; 
a first port in said valve manifold that allows said valve 
manifold to allow passage of gas at a first pressure through a 
first port in said valve; 

a second port in said valve manifold that allows said valve 
manifold to allow passage of said gas at said first pressure 
through a second port in sad valve to enter said bore; 
a third port in said valve manifold that allows said valve 
manifold to allow passage of gas from said tore through a third 
port in said valve to a location having gas at a second 
pressure, said first pressure being greater than said second 
pressure; 

(b) a piston disposed in said bore, said piston having a proximal end and 
a distal end, said proximal end adjacent to said second port and said distal end 
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including a holder for holding a lancet, said piston capable of moving along the 
axis of said bore; 

(c) means forbiasing said piston so that said proximal end of said piston 
is in the furthest position away from the skin of said patient when said first port is 
closed. 

45. The assembly of claim 44, wherein said piston biasing means(c)isa 
spring. v ' * a 

46. The assembly of claim 44, wherein said piston biasing means (c) is a 
bellows. . 

47. The assembly of claim 44. wherein said valve is actuated by a 
solenoid. 



bore. 



48. The assembly of claim 44, further including a means for sealing said 



49. The assembly of claim 48, wherein said means for sealing said bore 
is an c-ring. 

50. The assembly of claim 48. wherein said means for sealing said bore 
is a bellows. 

51. The assembly of claim 48,wherein said means for sealing said bore 
is a diaphragm. 

52. A method for forming an opening in skin of a patient in order to obtain 
blood, said method comprising the steps of: 

(1) providing a lancing assembly capable of providing an opening in skin 
of a patient by means of lancet, comprising: 

(a) a holder for holding a lancet assembly- 
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(b) a means for providing sufficient force to cause said holder to be 
maintained in a position whereby a lancet in said holder would be positioned away 
from the skin of said patient; 

(c) a means for allowing a gas to provide sufficient force to 
overcome the force provided by said holder maintaining means, whereby said gas 
causes said holder to be moved to a position whereby a lancet in said holder 
would be able to pierce the skin of said patient; and 

(d) a lancing assembly in said holder, 

(2) positioning said lancing assembly sufficiently close to the sk\n of said 
patient so that a lancet in sad lancet assembly can pierce the skin of said patient; 

(3) causing said means (c) to allow a gas to provide sufficient fore? to 
overcome the force provided by said holder maintaining means, so that said holder 
is moved to a position whereby said lancet in said lancet assembly pierces the skin 
of said patient 

(4) causing said lancet to be retracted from the skin of said patient. 

53. A multiple-layer element comprising: 

(a) a layer capable of receiving blood and transporting the blood 
received by means of chemically aided wicking; 

(b) a layer capable of detecting the presence of analyte or 
measuring the amount of analyte in blood; and 

(c) a layer that can be placed in contact with a meter, the meter- 
contactable layer overlying the blood-transporting layer, said layer (a) capable of 
transporting blood to said layer (b). 

54. The article of claim 53, wherein said blood-transporting layer 
comprises a mesh. 

55. The article of claim 53, wherein said blood-transporting layer 
comprises a surfactant. 
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56. The article of daim 53, wherein said blood-transporting layer has at 
least one opening therein. \- 

57. The article of claim 53, wherein said ahalyte-deiecting layer detects 
analyte by means of an electrical measurement. 

58. The article of. claim 53, wherein said analyte-detecting layer detects 
analyte by means of an optical measurement. 

59. The article of claim 53, wherein no more than two microliters of blood 
are required for analyte determination. 

60. The article of claim 53, wherein no morethan one microliter of blood 
is required for analyte determination. 

61 . The article of claim 53. wherein an overcoat layer is coated about the 
periphery of said blood-transporting layer; 

62. The article of claim 53, wherein said meter-contactable layer has at 
least one opening. 

63; The article of claim 62, wherein said blood-transporting layer is at 
least partially superimposed over said at least one opening, 

64. The article of claim 62 wherein said blood-transporting layer is not 
supenmposed over said at least one opening. 

65. The article of claim 62, wherein said meter-contactable layer has at 
least two openings. 

66. A multiple-layer article comprising: 

{a) a covering layer having an opening therein; 

(b)- a layer, overlying the covering layer, capable of receiving 
blood through the opening in the covering layer and transporting blood by means 
of chemically aided wicking; 
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(c) a layer thai can be placed in contact with a meter, the meter- 
contactable layer overlying the blood-transporting layer; and 

(d) a layer capable of detecting the presence of analyte or 
measuring the amount of analyte in blood, which layer is disposed between the 
covering layer and the meter-contactable layer and is capable of receiving blood 
from the blood-transporting layer. 

67. The article of claim 66, wherein said blood-transporting layer is a 
mesh. 

68. The article of claim 66, wherein said blood-transporting layer 
comprises a surfactant. 

69: The article of claim 66, wherein said blood-transporting layer has at 
least one opening therein. 

70. The article of claim 66, wherein said anaryte-detecting layer detects 
analyte by means of an electrical measurement 

71 . The article of claim 66, wherein said analyte-detecting layer detects 
analyte by means of an optical measurement. 

72. The article of claim 66, wherein no more than two microliters of blood 
are required for analyte determination. 

73. ThB article of claim 66, wherein no more than one microliter of blood 
is required for analyte determination. 

74. The article of claim 66, wherein an overcoat layer is coated about the 
periphery of the blood-transporting layer 

75. The article of claim 66, wherein said meter-contactable layer has at 
least one opening therein- 

76. The article of claim 75, wherein said Wood-transporting layer is at 
least partially superimposed over said at least one opening- 
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77. The article of claim 75, wherein said blood-transporting layer is not 
superimposed over said at least one opening. 

78. The article of claim 75, wherein said meter-contactable layer has at 
least two openings therein. 

79. A muMple-layer article comprising: 

(a) a covering layer; 

(b) a layer, overlying said covering layer, that can be placed in 
contact with a meter; and 

(c) a layer capable of detecting the presence of analyte or 
measures the amount of analyte In blood, which layer is disposed between said 
covering layer and said meter-contactable layer and is capable of receiving blood 
by means of capillary flow of blood between said covering layer and said meter 
contactable layer, wherein said covering layer and said meter-contactable layer 
are spaced apart at a sufficient distance so that a capillary is formed between them, 

80. The article of claim 79, wherein an overcoat layer spaces said 
covering layer and said meter-contactable layer at a sufficient distance so that a 
capillary is formed between said covering layer and said meter-contactable layer. 

81. The article of claim 79, wherein said analyte-detectlng layer detects 
analyte by means of an electrical measurement. 

82. The article of claim 79. wherein said analyte-detectlng layer detects 
analyte by means of an optical measurement 

83. The article of claim 79, wherein no more than two microliters of blood 
are required for analyte determination. 

84 The article of claim 79, wherein no more than one microliter of blood 
is required for analyte determination. 

85. The article of claim 79. wherein said meter-contactable layer has at 
least one opening therein 
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The article of claim 79, wherein said covering layer has an opening 

87. A method for performing a diagnostic test utilizing a sample of blood, 
said method comprising the steps of: 

(a) forming an unobstructed opening in an area of skin from which said 
sample is to be extracted; 

(b) extracting said sample from said unobstructed opening in said area of 
said skin, with the aid of vacuum and stretching of the skin; 

(c) providing a multiple-layer article comprising: 

(I) a layer capable of receiving blood and transporting the blood 
received by means of chemically aided wicking; 

(II) a layer capable of detecting the presence of analyte or 
measuring the amount of analyte in blood; and 

{iii) a layer that can be placed in contact with a meter, the meter- 
contactable layer overlying the blood-transporting layer, said layer (i) 
capable of transporting blood to said layer (n). 

(d) allowing said extracted sample to be received by said blood- 
transporting layer and allowing said blood to be transported by means of 
chemically aided wicking to said layer capable of detecting the presence of analyte 
or measuring the amount of analyte in blood; and 

(e) determining the presence of analyte or measuring the amount of 
analyte in blood. 

88. The method of claim 87, wherein no more than two microliters of 
blood are required for analyte determination. 

89. The method of claim 87, wherein no more than one microliter of blood 
is required for analyte determination. 



86. 
therein. 
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•h A methOd for perf0rmin9 3 gnostic test utilizing a sample of blood 

said method comprising the steps of: oa ' 

(a) forming an liriobstructed opening in an area of skin from which said 
sample is to be extracted; 

r ■ • 
..." 

(b) extracting said sample from said unobstructed openino in said *r* a n< 
said skin, with the aid of vacuum and stretching of the skin; ° f 

(c) providing a multiple-layer article comprising: 

(i) a covering layer having an opening therein; 

(ii) a layer, overlying the covering layer, capable of receiving 
blood through the opening Tin the covering layer and transporting 
blood by means of chemically aided wicking; 

(HI) a layer that Can be placed: in contact wHh a meter, the meter- 
contactable layer overlying the blood-transporting layer and 
0v) a layer capable of detecting the presence of analyte or 
measuring the amount of analyte in blood; which layer is disposed 
between the covering layer and the meter-contactable layer and is 
capable of receiving blood from the btood-trarisporting layer. 

(d) allowing said extracted sample to be received by said blood- 
transporting layer and allowing said blood to be transported by means of 

^ - * - to cepabte of detecting the presence of analyte 

or measunng the amount of analyte in blood; and 

analyte^ ^^^^^ - anafyte or measuring the amount of , 

hmnH 91 ' ° f C,3lrn 90 ' Wh6reln n ° more tnan microliters of 

blood are required for analyte determination. 

t. ron « Th8 method of cteim *>- whe ' e * no more than one microliter of blood 
■s required for analyte determination. ' 
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93. A method for performing a diagnostic test utilizing a sample of blood, 
said method comprising the steps of : 

(a) forming an unobstructed opening in an area of skin from which said 
sample is to be extracted; 

(b) extracting said sample from said unobstructed opening in said area of 
said skin, with the aid of vacuum and stretching of the skin; 

(c) providing a multiple-layer article comprising: 

(i) a covering layer; 

(ii) a layer, overlying said covering layer, that can be placed in 
contact with a meter; and 

(iii) a layer capable of detecting the presence of analyte or 
measures the amount of analyte in blood, which layer is disposed 
between s^d covering layer and said meter-cpntactable layer and is 
capable of receiving blood by means of capillary flow of blood 
between said covering layer and said meter-contactable layer, 
wherein said covering layer and said meter-contactable layer are 
spaced apart at a sufficient distance so that a capillary is formed 
between them; 

(d) allowing said extracted sample to be transported by means of 
capillary flow to said layer capable of detecting the presence of analyte or 
measuring the amount of analyte in blood; and 

(e) determining the presence of analyte or measuring the amount of 
analyte in blood- 

94. The method of claim 93, wherein no more than two microliters of 
blood are required for analyte determination. 

95. The method of claim 93, wherein no more than one microliter of blood 
is required for analyte determination. 



W09804366 

113 

96. A nosepiece suitable for use with a blood;collecti on apparatus said 
nosepiece comprising: «fh*»<«us, saw 

(a) a lower base having an opening therein; 

(b) an upper base having an opening therein; and 

(c) an interior wall joining said upper base and Said lower base 
he area of said opening in said upper base being equal tooHesT 
than the area of said opening in said lower base. 

forvadul. Jhen ^ e "««« m *^ 

is cireut in ~* * ^^^n ^ ^ 

is*val^^ 

100. The nosepiece of claim 96. wherein said imerior wall is tapered, 
«epw^ cyK ^^ 

is suju^^r 08 of c,aim 96 - wherein ■* opening « ™» 

annuJ?ing. The " ^ Sa5d sea »* ^ the for. of an 

-wee^J^ 

or an Domini ST ^ 1 °* ~ ^ - * ^ — 
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1 07. The ndsepiece of claim 1 03, wherein said seal is formed from an 
adhesive. 

108. An apparatus suitable for obtaining a sample of blood for analysis in a 
diagnostic test, comprising: 

(a) a housing having a sealable chamber located therein 
and a sealable opening in fluid communication with said sealable 
chamber, 

(b) a power source, 

(c) a vacuum pump operably connected to said power 
source, said vacuum pump in communication with said sealable 
chamber, 

(d) a lancing assembly posrtioned in said housing, said 
lancing assembly capable of moving a lancet towards said sealable 
opening, and 

(e) a fluid collector positioned in said sealable chamber, 
said fluid collector in fluid communication with said sealable opening. 

109. The apparatus of claim 108, wherein said housing comprises: 

(a) a body portion, and 

(b) a door portion, said door portion pos'rtionable over said 
body portion and including said sealable opening. 

110. The apparatus of claim 109. wherein said fluid collector is positioned 
In a slot in said door portion. 

111. The apparatus of claim 1 1 0, wherein said slot locates said fluid 
collector adjacent said sealable opening when said door portion is positioned over 
said body portion. 

112. The apparatus of claim 109, wherein said body portion contains at 
least one slot for inserting said fluid collector. 
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1 13. The apparatus of claim 1 09, wherein said body portion includes at 
least one electrical connection/ 

114. The apparatus of claim 109, wherein said door portion includes at 
least one electrical connection. 

115. The apparatus of claim 109, wherein said body portion comprises a 
movable projection containing a slot, said fluid collector positioned in said slot. 

116. The apparatus of claim 11 5, wherein said movable projection 
includes at least One electrical connection. 

117. the apparatus of claim 108, wherein said housing comprises: 

(a) a body portion, 

(b) an interior cover portion positibnable over said lancing 
assembly, and 

(c) a door portion positionable over said interior cover 
portion and including said sealable opening. 

118. The apparatus of daim 11 7, wherein said imerior cover portion 
contains at least one aDgnment channel to position said fluid collector. 

1 1 9. The apparatus of claim 1 1 7, wherein said door portion contains at 
least one alignment fixture : 'to position said fluid collector. 

120. The apparatus of claim 1 17. wherein the housing further comprises a 
projection. 

121 . The apparatus of claim 120, wherein said fluid collector Is positioned 
in at least one slot in said projection. 

122. The apparatus of claim 121 , wherein said at least one slot is parallel 
to the upper surface of said interior cover. 

123. The apparatus of claim 121, wherein said at least one slot is not 
parallel to the upper surface of said interior cover. 
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1 24. The apparatus of claim 121 , wherein said projection includes at least 
one electrical connection. 

1 25. The apparatus of claim 1 08, further comprising a heating element. 

126. The apparatus of claim 108, wherein said fluid collector comprises a 
biosensor. 

127 The apparatus of claim 126, wherein said biosensor comprises a 
glucose detector. 

128. The apparatus of claim 108 wherein said fluid collector comprises a 
reflectance strip, 

129. The apparatus of claim 128, wherein said reflectance strip comprises 
a glucose detector, 

130. The apparatus of claim 108, further comprising a reflectometer. 

131. The apparatus of claim 1 08, further comprising a display operably 
connected to said power source and said fluid collector. 

132. The apparatus of claim 108, further comprising a switch operably 
connected to said vacuum pump and said lancing assembly through said power 
source. 

1 33. The apparatus of claim 108, further comprising electronics. 

134. The apparatus of claim 133. wherein the electronics control power to 
said vacuum pump. 

1 35. The apparatus of claim 1 33, wherein the electronics control power to 
a heating element. 

1 36. The apparatus of claim 1 33, wherein the electronics control powBr to 
the lancing assembly. 
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137. The apparatus of claim 108, further comprising more than one of said 
fluid collector. 

^J 38 ' A method ,or a sample of blood for a diagnostic test, said 

method comprising the steps of : 

(a) placing a blood collection device over a region on the 
surface of the skin from which said sample is to be obtained 

(b) forming a seal between said blood collection device and 
said surface of the skin, 

. (c) creating a vacuum sufficient to result in said surface of 
the skin becoming stretched and engorged with blood, 

(d) triggering a lancing assembly and causing a lancet to 
penetrate said skin, 

(e) retracting said lancet, 

(f) withdrawing blood toward and onto a fluid collector, and 

(g) releasing the vacuum. . • . 

J39. Thp method of claim 138 .further comprising the step of genera tihoa 
signal indicative of glucose level. y 93 

fluid I" 9 me,h ° do,c,aim W War comprising the step of causing said 

S s^r, m ° V ° t0 3 P ° Siti °" POSi, ' 0n ^ Said tencel P en ^ted 

141. The method of claim 140, wherein said movement of the fluid collector 
is created by the release of a latch. 

1 42. The method of claim 1 40, wherein said movement of the fluid 
collector is created by a four-bar linkage. 

is cmfl l 4 Hk ' T, f h0d ° f C,3lm 1 40 ' Wh9reln sa,d mov ement of the fluid collector 
is created by a pivoting projection. 
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FIG. 48 
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